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“*Gentleness in handling 
fragile tissues must 
be mastered, and the 
feather touch is essential,” 


Potts, W. J.: J. A. M. A. 157:627 (Feb. 19) 1955, p. 629. 


URGEONS APPRECIATE thie smooth flex- 
S ible “hand” of D & G gut. They 
sense the extra knot security offered by 
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brought increased recognition of the values 
of D & G gut. Special processing assures 


the most strength with the least gut—un- 
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like ordinary gut which is ground to size 


with some loss of flexibility and tensile 


strength. 





The finer sizes of D & G plain, mild 
chromic and medium chromic gut are, and 
have been, the acknowledged world-wide 
standard for gastrointestinal and eye sur- 
gery for over twenty years. 

When you want to approximate mucous 
membranes...repair tissues of the neck... 
ligate small blood vessels . . . or whenever 
you want to use your “feather touch,” 
check with your O R Supervisor to be sure 
you have the advantages of finer sizes of 


D & G gut. 
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DANBURY, CONNECTICUT 
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A CLINICOPATHOLOGIC STUDY OF THE 
ANATOMIC CHANGES IN THE HEART 
RESULTING FROM CARDIAC MASSAGE 


LESTER ADELSON, M.D., Cleveland, Ohio 


DuRING THE PAST DECADE there has been a 
more accurate recognition of the frequency 
with which cardiac arrest (asystole and ven- 
tricular fibrillation) occurs together with a 
heightened interest in the problem of cardiac 
resuscitation. Data from several centers in- 
dicate an apparently disturbing rise in the 
incidence of this catastrophe. While Zoll and 
associates have recently advocated the use of 
external electrical stimulation of the heart, 
the consensus is that cardiac massage is the 
treatment of choice in cardiac resuscitation. 

A voluminous literature has accumulated 
on the theoretic, experimental, electrocar- 
diographic, functional and clinical aspects, 
prophylaxis, and management of cardiac 
arrest and cardiac massage, but little atten- 
tion has been devoted to the damage to the 
heart that may be sustained as a result of 
rhy thmic intermittent manual compression. 
Reports of postmortem studies in patients 
dying after cardiac massage have concerned 
the nselves mainly with the presence of pre- 
exi ting chronic heart disease which may 
ha’ e had some influence on the unsuccessful 


Fr m the Laboratory of the Cuyahoga County Coroner’s Of- 
fice id the Institute of Pathology of Western Reserve Univer- 
sity ~hool of Medicine, Cleveland, Ohio. 





513 


effort. The iatrogenic cardiac changes have 
been practically ignored. The greater part 
of the writing on the anatomic sequelae of 
cardiac massage deals with individual case 
reports of major trauma and laceration suf- 
fered by the heart incident to this thera- 
peutic maneuver. ‘The first detailed study of 
the gross and microscopic anatomic changes 
in the heart caused by cardiac massage ap- 
peared recently when Peddie and his asso- 
ciates described a series of 14 cases. 

This report deals with 60 patients who 
died either during or following cardiac mas- 
sage, and who were autopsied at the Cuya- 
hoga County Coroner’s Office. These cases 
came from practically every hospital within 
the jurisdiction of the office as well as from 
several dental offices. The massages were 
performed by a large number of different 
individuals at varying levels of medical 
training and experience (intern, resident, 
and visitant) and with widely divergent 
surgical experience (viz., internists, anesthe- 
siologists, thoracic surgeons, and orthopedic 
surgeons). The series is thus broadly repre- 
sentative of cardiac massage as it is encoun- 
tered in a large metropolitan area. 
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TABLE I.—DISTRIBUTION OF SEX 
Category I Category II Total 


DUAIOR .. sks : 26 9 35 

Females. . 18 7 25 

Total No. 44 16 60 
Per cent... 73 27 


Excluded from the present study are pa- 
tients with congenital or acquired cardiac 
malformation who died during cardiac sur- 
gery and those individuals who sustained 
mechanical injury to the heart as a result of 
accidental or homicidal violence. ‘Thus all 
acute cardiac changes can be attributed to 
manual cardiac compression. 

The purpose of this report is to describe 
the cardiac structural changes resulting from 
massage and to attempt to assess the etiolog- 
ic importance of these changes in the ulti- 
mate fatal outcome. A comparison has been 
made between those who died during mas- 
sage with those who survived the procedure 
for periods ranging from several hours to 10 
days. Finally, a brief description of several 
of the clinical aspects of the problem is in- 
cluded in an effort to correlate anatomic 
alterations with various facets of the over-all 
situation. 


MATERIAL AND METHODS 


This report is based on the anatomic de- 
tails and clinical data in 60 individuals who 
died either during or following cardiac mas- 
sage. Forty-four (73 per cent) died during 
the massage (category I — “‘did not survive 
massage’”’). No regular effective heart beat 
was restored in any of these cases. 

Sixteen (27 per cent) died at some time 
subsequent to the completion of the proce- 


TABLE II.—DISTRIBUTION BY AGE 


Age Category I Category II Total 
vess (han 6 M08; 6. ss sss z 0 2 
6 to 12 mos.... 1 1 2 
ID Se PAB es vic: cron outs salt ae 4 2 6 
2 to'4 yrs..... 4 2 6 
MED PIER i x ox a'y oS a bie ine Z 1 3 
10 to 19 yrs..... 3 Z 5 
20 40:29 yre,....5!.. 6 1 7 
30 't0 39 yPr8.... 5.5% 7 4 11 
40 to: 49 yrs........ 4 0 4 
50:10 59 yrs... .. 5 Z 4 
60 to 69 yrs..... 6 1 7 
BRIN es isres is goes sie a fie atsias acs wie mvs 44 16 60 





dure (category II — “survived massage’’). 
In these patients regular effective cardiic 
action resumed after resuscitative measures. 
Table I indicates the sex distribution and 
Table II the age distribution in the series. 
A complete autopsy was performed and 
the hospital chart and operative notes (when 
available) were reviewed in all cases. 


ANATOMIC CHANGES 


The anatomic changes in the heart re- 
sulting from massage may involve any or all 
of the cardiac tissues, i.e., epicardium and 
epicardial fat, myocardium, endocardium, 
and the various portions of the coronary 
circulation. Cardiac vascular structures are 
extremely vulnerable to this type of trauma. 
Coronary arterioles, veins, venules, and 
capillaries are readily injured by repeated 
mechanical compression, and damage to 
these structures is responsible for the most 
frequently encountered gross and micro- 
scopic changes. 

Classification. For purposes of classification, 
the degree of heart damage was character- 
ized as negative, slight, moderate, or severe. 

Negative.—A heart was considered to 
have sustained no damage from manual 
manipulation if the only abnormalities noted 
at autopsy consisted of a few subepicardial 
or subendocardial petechiae. While such 
small hemorrhages may have been trau- 
matic in origin, they are indistinguishable 
from those found in persons who have died 
of shock or anoxia, and thus cannot be as- 
cribed to trauma with any degree of cer- 
tainty. 

Slight.—The heart was considered ‘o 
have sustained slight damage if it presented 
multiple subepicardial or subendocard'al 
petechiae or zones of hemorrhagic ext: a- 
vasation. Small areas of intramyocardial 
hemorrhage were a frequent accompa 'ii- 
ment. 

Moderate.— Moderate damage was di '3- 
nosed in the presence of extensive s!'b- 
epicardial or subendocardial hemorrha :ic 
extravasation accompanied by promin: nt 
intramyocardial hemorrhage. 
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Fie. 1. 


: CHANGES IN HEART FROM CARDIAC MASSAGE 
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Fic. 2. 


Fics. 1 and 2. Case 43. Anterior and posterior views of heart with diffuse subepicardial hemorrhage 
over left ventricle and extensive focal and confluent hemorrhages elsewhere. The heart was perfor- 
ated during massage and sutured. Duration of massage was 50 minutes. No survival. 


Severe.— Damage was considered severe 
when gross laceration of the heart or a major 
structure was present. In all such cases the 
subepicardial, subendocardial, and _ intra- 
myocardial hemorrhagic extravasation was 
striking. 

A more detailed description of 6 hearts 
classified as severely injured is included at 
this point. Five of the 6 presented gross myo- 
cardial laceration, and 1 showed laceration 
of a major coronary vein. None of the 6 sur- 
vived massage. 

Cise 4, a 52 year old white male whose heart 
weighed 375 grams presented a 1% inch laceration 
of t!e posterior wall of the left ventricle. The tear ex- 
tended through the endocardium and up to the epi- 
card:‘um. The anterior descending branch of the left 
corciary artery was sclerotic, and the myocardium 
shov ed focal fibrosis. The laceration did not involve 
the -arred portion of the myocardium. 

C sé 13, a 27 year old colored female with a heart 
weit .ing 265 grams sustained a laceration of a major 
coro ary vein. 

C se 31, a 19 year old white female whose heart 
weig .ed 300 grams presented multiple superficial 





lacerations on the anterior surface of the heart and on 
the left ventricular side of the interventricular septum. 
The largest laceration measured 1% inches in length 
and was closed with 3 catgut sutures. 

Case 32, a 65 year old white female whose heart 
weighed 550 grams and showed a healed infarct pre- 
sented a laceration on the anterior aspect of the apex. 

Case 43, a 29 year old colored male whose heart 
weighed 420 grams had sustained a laceration 1 inch 
from the apex. The defect had been sutured at 
operation. 

CasE 44, a 62 year old white female whose heart 
weighed 520 grams presented a 1 inch transverse 
laceration on the posterior surface of the left atrium at 
the atrioventricular groove. 

Description of injury. Epicardium.—Sub- 
epicardial hemorrhages ranging from multi- 
ple petechiae to extensive focal and con- 
fluent areas of hemorrhagic extravasation 
were present in all cases classified as other 
than negative. ‘The hemorrhagic zones were 
most prominent and numerous over the 
anterior and posterior surfaces of the left 
ventricle, but were not limited to these sites. 
In some instances such hemorrhagic areas 
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Fe ig 2 


Fic. 3. Case 47. Subepicardial hemorrhage with early 
granulocytic infiltration at site of hemorrhage. Duration 
of massage was 20 minutes (2 to 10 minute episodes). 
Survived 2 hours and 25 minutes. 


were present over all portions of the outer 
surfaces of the heart, atrial and ventricular 
(Figs. 1 and 2). 

In the less severely involved hearts, the 
epicardial hemorrhages were either limited 
to the epicardial fat or extended slightly 
into the underlying myocardium. With 
more severe damage, the hemorrhages fused 
with extensive zones of myocardial extra- 
vasation. Microscopic lacerations of the epi- 
cardial fat and traumatic separation of the 
epicardial fat from the underlying muscle 
were frequent. 

Granulocytes were visible within the epi- 
cardial fat within 2% hours after cardiac 
massage (Fig. 3). By 7 hours after massage 
a thin layer of fibrin and granulocytes was 
visible on the epicardial surface. After 24 
hours diffuse fibrinous pericarditis (‘“‘trau- 
matic pericarditis’) was present (Fig. 4). 

No electrical burns were noted in the epi- 
cardium or myocardium of hearts subjected 
to electrical stimulation. 

Myocardium.—The most frequently en- 
countered myocardial changes resulting 
from massage consisted of varying degrees of 
intramyocardial bleeding plus inflammatory 
changes which appeared shortly following 
the institution of massage. Accompanying 






these phenomena were degenerative chang: s 
involving the myocardial fibrils. 

Interstitial myocardial hemorrhages vai - 
ied from a few small scattered foci to large 
zones of confluent hemorrhagic extravas.- 
tion. In some instances the myocardial heni- 
orrhages were isolated. In others, they 
merged with foci of subepicardial and sub- 
endocardial bleeding (Fig. 5). Intramyo- 
cardial hematomas visible to the naked eye 
were encountered occasionally. Accom- 
panying the hemorrhages and resulting from 
them were greater or lesser degrees of separa- 
tion of the myocardial fibrils. 

Severe diffuse myocardial hemorrhage 
was frequent in sites adjacent to areas of 
myocardial fibrosis. The large thin-walled 
(‘‘cavernous’’) capillaries which occur in the 
neighborhood of healed and healing infarcts 
are extremely vulnerable to trauma. Exten- 
sive hemorrhage results when they are torn. 

Within a few hours after the onset of mas- 
sage, the myocardium frequently showed 
focal areas of prominent eosinophilia and 
granularity of the cytoplasm. The cross stria- 
tions became faint and ultimately disap- 
peared. . 

Granulocytes started to migrate into the 
interstitial tissues within 30 minutes after 
massage (Figs. 6 and 7). The number of gran- 
ulocytes increased rapidly, and after 24 to 36 





Fic. 4. Case 46. Diffuse fibrinous pericarditis (*t au- 
matic pericarditis”). A few granulocytes are prese: at 
the base of the fibrinous exudate with a heavier cor en- 
tration in epicardium, the latter also abundantly fil- 
trated by blood. Duration of massage was “‘several 1in- 
utes.” Survived 24 hours. 
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hours there was widespread diffuse poly- 
morphonuclear leucocytic infiltration of the 
myocardium (Fig. 8). An abundant deposi- 
tion of fibrin accompanied the cellular re- 
sponse in some instances. Edema was a prom- 
inent characteristic of the inflammatory 
process. 

Gross laceration and perforation of the 
myocardium most frequently involved the 
left ventricle. One case presented a lacera- 
tion of the posterior wall of the left atrium. 
Microscopic myocardial lacerations with re- 
sultant disruption of the continuity of the 
muscular syncytium were common (Fig. 9). 
No papillary muscles were ruptured. The 
severity of the lacerations was paralleled by 
the amount of myocardial bleeding. 

Endocardium.—Focal and confluent sub- 
endocardial hemorrhages were common in 
the left ventricle and occurred less frequently 
in the other cardiac chambers. Such areas 
tended to merge with zones of intramyocar- 
dial bleeding in the more seriously damaged 
hearts. ‘Traumatic separation of the endo- 
cardium from the overlying myocardium oc- 
curred in the presence of subendocardial 
lacerations. 

Grossly visible endocardial laceration oc- 
curred only in the presence of macroscopic 
myocardial tearing. There were no instances 
of isolated endocardial laceration or valvu- 
lar disruption. 

A fresh mural thrombus was present in the 
atria or ventricles in several patients who 
survived more than 12 hours (Fig. 10). 

Vascular damage.— Damage to the car- 
diac vascular apparatus produced hemor- 
rhaugic extravasation responsible for the more 
striking gross anatomic changes seen after 
cardiac massage. Capillary rupture probably 
supplies the bulk of the extravasated blood. 
Mention has already been made of the dif- 
fus:: hemorrhage which results from rupture 
of he cavernous capillaries in the region of 
he: led myocardial infarcts. Laceration of 
ve ules and arterioles was not infrequent 
(Fis. 11). Occasionally a large coronary vein 
in he epicardial fat sustained injury which 
led to extensive hemorrhage. 
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Fic. 5. Case 8. Abundant confluent subendocardial 
and intramyocardial hemorrhages. The muscle bundles 
are widely separated. Duration of massage was 20 min- 
utes. No survival. 


Postmassage thromboses of venules were 
seen occasionally in individuals surviving 12 
hours or more (Fig. 12). There were no 
instances of traumatic thrombosis of any of 
the major coronary arteries. 

Degree of heart damage. In the 44 patients 
who did not survive cardiac massage the 
degree of cardiac damage was classified as 
severe in 6 (14 per cent), moderate in 12 
(27 per cent), slight in 17 (39 per cent), and 
negative in 9 (20 per cent). The 16 individ- 
uals who survived included 7 (44 per cent) 
with moderate damage, 2 (12 per cent) with 
slight damage, and 7 (44 per cent) with no 
damage. In none of them was cardiac injury 
great enough to be considered severe. 

Duration of massage.—The extent of car- 
diac injury was tabulated according to the 
duration of manual compression. Table III 
indicates the relationship between period of 
massage and degree of damage. 

Pericardiotomy.—Twenty-eight (63 per 
cent) of the 44 patients who did not survive 
had had heart massage through a pericardial 
incision. These included 4 hearts with no 
damage, 10 with slight, 8 with moderate, 
and all 6 with severe changes. Fifteen of the 
other 16 in this category were massaged 
through an intact pericardium via thoracot- 
omy. One was massaged through an intact 
diaphragm during laparotomy. 
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Fic. 6. Case 58. Moderate granulocytic infiltration of 
myocardium in region of hemorrhage. Duration of mas- 
sage was ‘‘a few minutes.”’ Survived 634 hours. 


Six of the 16 patients (37.5 per cent) who 
survived had had heart massage through an 
incised pericardium. These included 4 hearts 
with moderate, 1 with slight, and 1 with no 
damage. Nine of the remainder were mas- 
saged through an intact pericardium follow- 
ing thoracotomy, and the other was com- 
pressed transdiaphragmatically during lap- 
arotomy. 

Hemopericardium and hemothorax. Hemoperi- 
cardium of more than 10 cubic centimeters 
was present in 6 persons who failed to survive 
massage. The amounts ranged from 10 to 50 
cubic centimeters. Three of the patients had 
had a pericardiotomy, and in 3 massage had 
been performed through an intact pericar- 
dium. Fourteen of the 16 patients in category 
II presented no excess blood in the pericar- 
dial sac. One sac contained 100 grams, and 
in 1 case the pericardial cavity was com- 
pletely obliterated by organizing fibrinous 
pericarditis. 

The absence of hemopericardium in many 
patients subjected to pericardiotomy is ex- 
plained by the opening in the left side of the 
sac through which fluid blood drained into 
the left pleural cavity. When a patient with 
pericardiotomy died on the operating table, 
usually no effort was made to suture the 
pericardial incision although the thoracot- 
omy wound was always closed. At autopsy 
in such cases, the heart protruded completely 


or partially into the left pleural cavi'y 
through the surgical defect. Any fluid blood 
in the sac thus had free ingress into the left 
pleural cavity. The pericardial sac in such 
cases usually contained only a small volunie 
of blood. 

Left hemo-(pneumo)-thorax was present 
in 29 patients in category I. The amount of 
blood ranged from less than 100 cubic centi- 
meters (2 instances) to more than a liter (1 
patient). Fourteen patients presented no sig- 
nificant accumulation of blood in the left 
pleural cavity. In 1 individual the pleural 
cavity was completely obliterated by dense 
fibrous adhesions. ‘Traumatic hemothorax 
resulting from the original injury precluded 
a valid statement in a second. In 7 of the 16 
patients who survived massage, there were 
appreciable quantities of blood in their left 
pleural space. Fifty cubic centimeters were 
present in 3, 100 cubic centimeters in 1, 200 
cubic centimeters in 1, and 400 cubic centi- 
meters in 2. No significant amount of blood 


TABLE III.—DEGREE OF CARDIAC DAMAGE AND 
DURATION OF MASSAGE 
——_—Category 1. ___Category II_ 
Duration, mins. No. Duration, mins. No. Total 
Not stated 16 
**Contact” 


Degree of damage 

None.......... Not stated 

“Several” 

20 

30 

40 

50 

60 

Not stated 

“Several” 

10 

15 

20 

22 

30 

55 

60 

More than 60 
(70, 90, 105) 

Not stated 

10 

15 

20 

30 

60 

85 

90 

Not stated 

45 

50 (5+45) 

52 

60 


1% 

“Few” 

5 

105 

“Few” 

20 (twice 
times 10) 
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was present in 6; in 3 no pleural space was 
available as a result of fibrous adhesions. 

Degree of damage and pre-existing heart disease. 
Twenty-nine (68 per cent) of the category I 
hearts showed no evidence of antecedent 
cardiac abnormality. One with no damage 
was hypertrophied. In the slight damage 
group there were 4 enlarged hearts of which 
one showed accompanying coronary disease. 
One heart of normal size with coronary 
sclerosis and focal myocardial fibrosis was 
also included in this group. The moderately 
damaged group included 4 hypertrophied 
hearts; 2 of these patients had concomitant 
coronary disease, and 1 a normal-sized heart 
with coronary disease. The severely injured 
group presented 3 instances of coronary 
sclerotic hypertensive heart disease, 2 of 
which had moderate areas of myocardial 
fibrosis, and 1 normal-sized heart with 
coronary disease and scarring. 

Eleven (68 per cent) of the patients who 
survived showed no stigmas of chronic car- 
diac disease. All 7 of the hearts which had 
sustained no damage incident to massage 
were otherwise normal. One: heart with 
slight damage and 3 with moderate damage 
were enlarged. Two of the latter presented 
significant coronary sclerosis. 


CLINICAL ASPECTS 


Cardiac status at time of arrest. ‘Twenty-six 
hearts in category I were in asystole when 
first examined. The remainder included 5 
with ventricular fibrillation, 2 with idioven- 
tricular rhythm, 1 with a “‘feeble beat,’ and 
1 with a “weakly co-ordinated beat’. No 
data were available in 9. Thirty-three pa- 
tients failed to respond to massage with any 
evidence of spontaneous cardiac activity. 
The others demonstrated a variety of activity 
—vccasional spontaneous beats, intermittent 
ineffective beats, ineffectual vermiform au- 
ricilar or ventricular twitches, and ventric- 
ular fibrillation, the latter not responding to 
de{.brillatory measures. No instances of ef- 
feciive circulatory response were noted in 
cat gory I. There was no correlation between 
decree of damage and type of response. 


“a i AAG at 


Fic. 7. Case 56. Moderate interstitial granulocytic in- 
filtration of myocardium in nonhemorrhagic site. Dura- 
tion of massage was “‘several minutes.” Survived 3 hours. 


In category II asystole was noted in 13 
cases. One heart was in ventricular fibrilla- 
tion, and no data were available in 2. Two of 
the hearts in asystole were converted to 
fibrillation and successfully defibrillated. All 
16 cases ultimately developed regular sinus 
rhythm. Normal electrocardiographic trac- 
ings were obtained postoperatively in several 
patients including 1 whose heart showed 
moderate damage. 

One patient (not included in the series) 
was found to have a normally beating heart 
at thoracotomy and pericardiotomy, and no 
cardiac manipulation was attempted. 

Ancillary measures. Seventeen patients (39 
per cent) in category I were treated solely by 
massage as were 7 (43 per cent) of those who 
survived. The others in both groups were 
exposed to a broad variety of therapeutic 
agents and procedures either singly or in 
combination. Intracardiac adrenalin was 
by far the most frequently employed agent 
(32 cases). Intracardiac procaine, pronestyl, 
calcium salts (gluconate, chloride) atropine, 
ouabain, coramine, and single or multiple 
electric shocks were also utilized. The ma- 
jority in addition received such supportive 
measures as intratracheal oxygen, artificial 
respiration, plasma and blood transfusions 
(intravenous and intra-arterial), and the 
like. No significant differences were present 
between the two groups in regard to therapy. 














Fic. 8. Case 59. Extensive fibrin exudate accompanied 
by abundant granulocytic component. Wide separation 
of muscle bundles. Duration of massage was 1 hour. 
Survived 11 hours. 


Survival period. The 7 patients in category 
II with no damage survived for periods 
ranging from 20 minutes to 10 days. The 2 
hearts with slight damage beat effectively for 
2 hours and 25 minutes and 8 hours. The 7 
patients with moderate damage survived for 
periods ranging from 1% hours to 24 hours. 

Precipitating events and cause of death. Analysis 
of the situations and events during which 
cardiac arrest occurred disclosed a multi- 
plicity of diseases, injuries, and procedures 
ranging in gravity from comparatively minor 
to those which were lethal. Many individ- 
uals were practically (if not actually) dead 
on arrival when cardiac massage was insti- 
tuted. A degree of arbitrariness cannot be 
excluded in the following paragraphs in 
which an attempt has been made to assess 
the responsibility of the several possible fac- 
tors in the ultimate fatality. 

Cardiac arrest (asystole or ventricular 
fibrillation) occurred incident to elective 
surgical procedures in 17 patients in category 
I. These cases included 4 laparotomies, 2 
thoracotomies, 4 dental procedures, 1 cat- 
aract extraction, 2 orthopedic operations, 
and 4 miscellaneous procedures. In these 
instances, cardiac arrest was considered the 
lethal event. ‘The 5 deaths with gross lacera- 
tion of the heart were also held chargeable to 
the cardiac manipulation. In 22 cases the 
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primary injury or disease was sufficiently 
grave to be considered responsible for death. 
These included serious gunshot wounds of 
the abdomen (2), severe craniocerebral 
trauma (4), multiple injuries arising from 
traffic accidents (4), and such situations as 
air embolism following pneumoencephalo- 
gram, acute coronary thrombosis, massive 
postoperative hemorrhage, eclampsia, and 
anaphylaxis to penicillin. 

Eight patients in category II went into 
cardiac arrest during elective surgical pro- 
cedures. These included 2 tonsillectomies 
and adenoidectomies, radical neck dissection 
for recurrent metastatic carcinoma, multiple 
dental extractions, cesarean section for ceph- 
alopelvic disproportion, attempted reduc- 
tion of dislocated hip, attempted correction 
of strabismus, and craniotomy. Two patients 
went into cardiac arrest 11 days after thora- 
cotomy and laparotomy for repair of gunshot 
wounds of the chest and abdomen. Two pa- 
tients were critically ill with natural disease, 
and 2 were being subjected to abdominal 
exploration as emergency procedures (rup- 
tured duodenum from football injury and 
gunshot wound) when cardiac arrest oc- 
curred. Two accident patients were believed 
to have died as a result of their mishaps. One 
was a 5 year old boy who had aspirated an 
orange slice and was brought to the emer- 





Fic. 9. Case 8. Subendocardial laceration of 1 :yo- 
cardium with abundant intramyocardial and sube:ido- 
cardial hemorrhage. Duration of massage was 20 | .n- 
utes. No survival. 
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gency room apneic and pulseless. He re- 
sponded to massage after a few minutes and 
survived for 21% hours without regaining 
consciousness. The majority of those who 
died following restoration of the heart beat 
succumbed as a result of central nervous sys- 
tem damage. Clinically they presented deep 
coma, decerebrate rigidity, hyperthermia, 
absence of spontaneous respiratory activity, 
and other indications of profound insult to 
the brain. 


DISCUSSION 


Penetrating and nonpenetrating trauma 
to the heart has been increasingly studied 
and reported as methods of diagnosis and 
treatment have become available for proper 
understanding and therapy of injuries to this 
organ. The mounting incidence of traffic and 
industrial accidents has also served to focus 
attention on the anatomic changes and func- 
tional results of mechanical damage to the 
heart. 

Cardiac massage is a unique type of 
trauma. It differs in its mechanics from acci- 
dental cardiac contusions and experimental 
injuries. In these types of injury, the trauma 
consists of a single severe blow or crushing 
impact. The damage in cardiac massage 
arises from multiple compressions of the 
heart carried out with moderate force. The 
actual number of “squeezes” involved in 





ic. 10. Case 59. Thin fibrin mural thrombus ad- 
h: -ent to endocardium of left atrium. Duration of mas- 
sae was 1 hour. Survived 11 hours. 
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Fic. 11. Case 4. Laceration and disruption of intra- 
myocardial coronary arteriole. There was also gross lac- 
eration of left ventricle. The absence of accompanying 
hemorrhage indicates that death occurred prior to lac- 
eration. Duration of massage was 45 minutes. No sur- 
vival. 


some cases must be numbered in the thou- 
sands (20 to 50 compressions per minute for 
periods of over an hour). 

Repeated rhythmic manual compression 
of the heart can result in varying degrees of 
myocardial damage and injury to the coro- 
nary vessels. The appearance of the myo- 
cardium (granularity, eosinophilia, and loss 
of cross-striations) and the prompt appear- 
ance of granulocytic inflammatory exudate 
indicate that aseptic necrobiosis and necrosis 
are occasional by-products of massage. 

The mechanism of myocardial damage is 
probably a combination of direct muscular 
squeezing and the hydrostatic effect of sud- 
denly increased intracardiac pressure. Re- 
peated compression of a heart filled with 
incompressible fluid, especially if the direc- 
tion of the squeeze is from base to apex 
rather than the reverse, can lead to laceration 
of the muscle as a result of the bursting force 
created within the cardiac chambers. Living 
cardiac muscle is friable and readily suscep- 
tible to fracture as a result of nonphysiologic 
stress. The coronary veins and capillaries are 
also vulnerable to the same type of trauma 
and are damaged when they are repeatedly 
squeezed against an unyielding base. ‘The 
syncytial arrangement of the myocardium is 
such that sudden tension at one point can 
cause laceration at a distant site. 
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Fic. 12. Case 60. Fibrin thrombus in large coronary 
venule. Adjacent musculature is abundantly infiltrated 
by blood. Duration of massage was 1 hour. Survived 18 
hours. 


Granulocytic infiltration in‘the myocar- 
dium occurs earlier in hearts which have 
been massaged than in those contused experi- 
mentally, probably indicative of a more 
widespread type of damage with the former. 

The extremely wide range of pathologic 
response in the hearts in the present study 
indicates that the single most important fac- 
tor responsible for ultimate damage is not the 
duration of massage but rather the skill and 
care with which massage is carried out, a 
fact substantiated by experimental as well as 
clinical study. The constant emphasis on 
speed and “‘getting in fast’’ together with the 
emergency atmosphere which pervades the 
environment whenever cardiac arrest occurs 
must inevitably excite the less well-trained 
individual to hasty overpowerful efforts 
which can be seriously traumatic. Experi- 
enced workers in the field are of the opinion 
that neither surgeon nor anesthesiologist is 
able to act quickly enough or efficiently un- 
less he has previously given the problem 
thoughtful consideration and has carried out 
the procedure in the animal laboratory. 
Absence of anatomic changes in hearts re- 
stored to regular sinus rhythm after massage 
lasting more than an hour is proof that the 
procedure can be atraumatic in the proper 
(literally) hands. The statement of Bellegie 
that neither highly specialized training nor 


elaborate equipment is necessary is not born« 
out by this study. 

Too weak a compression of the arrested 
heart is useless in maintaining an effectivc 
circulation to the brain. The operator mus: 
thus function in an intermediate range be- 
tween compression so cautious as to be inel- 
fective and compression so powerful as to be 
traumatic. Laceration of the heart incident 
to massage need not be fatal. 

That slight or moderate damage may be 
compatible with satisfactory cardiac function 
is demonstrated by the 7 hearts with mod- 
erate damage which carried on efficiently for 
many hours. Extensive structural damage is 
almost invariably accompanied by serious 
functional disturbances, and it is possible 
that even moderate cardiac damage may be 
the deciding factor that tips the scales un- 
favorably in a borderline situation. Little or 
no difference is apparent in the heart whether 
massage is carried out transpericardially or 
intrapericardially. 

Survey of the entire series serves to re- 
emphasize several features which have been 
stressed in the past. Cardiac arrest may occur 
at all ages with all types of surgical pro- 
cedures and at any time during the procedure 
—during induction of anesthesia, during sur- 
gical manipulation, and on emerging from 
anesthesia. All types of anesthetics and all 
combinations were involved in the patients 
making up the present study—inhalation, 
spinal, and intravenous. Cardiac arrest oc- 
curs in individuals with normal hearts as 
well as in those whose hearts present evidence 
of chronic disease. The latter are more sus- 
ceptible to arrest and damage. Massage is 
frequently responsible for massive diffuse 
hemorrhage in the neighborhood of heale« 
infarcts. Cardiac asystole is much more fr 
quent than ventricular fibrillation as a bas: 
of arrest. 

The ever-present specter of cerebral a: 
oxia with its lethal or crippling sequelae i 
dicates that constant vigilance is essential | 
establish immediately the presence of cai 
diac arrest. The 4 minute time limit r 
peatedly mentioned in the literature befo: 
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tic 











which anoxic cerebral damage can _ be 
averted may well be too generous a figure. 
‘The most frequently incriminated etiologic 
factor in cardiac arrest is myocardial (with 
cerebral) hypoxia. Thus potential cerebral 
damage may well antedate the actual car- 
diac arrest and be progressive for some time 
before complete circulatory arrest occurs. 
A need is apparent for establishing indica- 
tions for cardiac resuscitation. No one ques- 
tions the advisability of cardiac massage in 
cardiac arrest incidental to surgery or even 
potentially lethal natural cardiac disease. 
The wisdom of massaging the heart of a 
child whose head has been plainly crushed 
by a truck (tire tread marks readily seen on 
the face and neck) is questionable, to say 
the least. ‘The same is true of a case of a 
suicidally cut throat in which practically all 
the major neck vessels had been transected. 
Deep concern has been expressed at the un- 
bridled enthusiasm for cardiac massage with 
fear that an otherwise sound therapeutic 
procedure may be brought into disrepute. 
Finally, the term “‘cardiac massage” has 
been justifiably criticized as being a mis- 
nomer, and the appellation “intermittent 
cardiac compression” has been advocated 
as being more accurate. However, by usage 
and acceptance “‘cardiac massage”’ will un- 
doubtedly continue to be used for a proce- 
dure which is most exactly described as 
rhythmic manual cardiac compression. 


SUMMARY 


1. The anatomic changes produced by 
cardiac massage in 60 patients have been 
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described and categorized, and several clini- 
cal aspects of cardiac arrest have been dis- 
cussed. 

2. Cardiac arrest occurs at all ages, with 
all types of anesthetics, and following a 
broad variety of traumatic and therapeutic 
incidents. 

3. Asystole is much more frequent than 
ventricular fibrillation as a basis of cardiac 
arrest. 

4. Cardiac massage can result in injury 
to any and all portions of the cardiac tissues. 
Gross laceration of the heart occurred in 6 
cases (10 per cent) of this series. 

5. Prolonged successful massage (more 
than 1 hour) can be carried out without 
producing significant cardiac damage. 

6. The most frequent lethal sequel to car- 
diac arrest is anoxic damage to the central 
nervous system. Constant vigilance and 
prompt intervention are the only valid pro- 
phylactic measures. 

7. The cardiac injuries produced by mas- 
sage are a function of the technique rather 
than of its duration. 

8. Instruction in the theoretic and practi- 
cal aspects of cardiac massage are prereq- 
uisites for successful cardiac resuscitation. 
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HALLUX VALGUS 


G. H. GILMORE, M.D., Pittsburgh, Pennsylvania, and 
L. F. BUSH, M.D., F.A.C.S., Danville, Pennsylvania 


HALLUX VALGUS is a common disorder of the 
foot often associated with pain resulting in 
varying degrees of disability. It is more com- 
mon in women than in men. Shoes, there- 
fore, may play a part in the development 
of hallux valgus. An inherited tendency 
toward a metatarsus primus varus, in which 
the first metatarsal is in the varus position 
in relation to the second metatarsal, may 
also be an important etiologic factor. The 
third possible etiologic mechanism is that 
of inflammation of the metatarsophalangeal 
joint with subsequent development of an 
exostosis of the first metatarsal. There are 
varying degrees of destruction of the joint 
cartilage resulting in arthritic degeneration 
of the entire joint. 

In any operative procedure for hallux 
valgus deformity, four objectives should be 
borne in mind: first, that the pain be re- 
lieved; second, that a good cosmetic result 
be obtained; third, that tripod foot balance 
through the first metatarsal and the great 
toe be preserved; and, fourth, that function 
of the push-off normally afforded by the 
great toe be maintained. Most patients with 
a severe hallux valgus deformity have little 
push-off power in the great toe preopera- 
tively. 

X-ray views of the deformed foot usually 
show an exostosis of the first metatarsal 
head with a valgus deformity of the phal- 
anges of the great toe and an adduction de- 
formity of the first metatarsal. The sesamoids 
are subluxated laterally, and the medial sesa- 
moid in severe cases may be located between 
the heads of the first and the second meta- 
tarsals. 

There are a number of pathologic changes 
which are present in hallux valgus in addi- 
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tion to the usual exostosis of the first meta- 
tarsal head and the destruction of the carti- 
lage in the metatarsophalangeal joint. An 


important factor in such changes is that of 


the adductor hallucis obliquus and the ad- 
ductor hallucis transversus through the lat- 
eral sesamoid and fascial ensemble causing 
a lateral dislocation of the lateral sesamoid 
bone. Once the pull of the adductor obli- 
quus and adductor transversus has dislo- 
cated the sesamoid and overcome the pull 
of the adductor hallucis, the flexor hallucis 
brevis also becomes a dominant factor in the 
valgus deformity of the great toe. Metatarsus 
primus varus may be present, being mani- 
fested by an increase in the angle between 
the first and second metatarsal shafts. Pain- 
ful bursae are found overlying an exostosis 
over the first metatarsophalangeal joint. 
These are usually present because of the per- 
sistent trauma of the shoe to the skin and 
bursa overlying the exostosis. Most patients 
also present moderate to severe foot pro- 
nation. 

Forty-two patients suffering from hallux 
valgus deformity were seen in the Ortho- 
pedic Department of the Geisinger Memo- 
rial Hospital and Foss Clinic between 1947 
and 1955. Of this group, 4 were men. The 
ages varied from 24 to 71 years with the 
average being 54 years. In this group 54 
Keller procedures were done with intra- 
medullary wire fixation through the dista! 
and proximal phalanges into the medullar\ 
canal of the first metatarsal. Twenty-nine v' 
these procedures were carried out on th: 
right and 25 on the left side. In addition t 
the 54 Keller procedures carried out on th 
great toe, 23 Keller procedures with intra 
medullary wire fixation were carried out 0 
the second and third toes, 21 being on th: 
second toe. Exostosectomies were pe! 
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formed on all patients in association with 
the Keller procedure on the great toe. 
Tenotomy of the extensor tendons of the 
second, third, fourth, and fifth toes was done 
in 21 instances. A neuroma between the 
third and fourth toes was removed in 1 in- 
stance. The Joplin-sling operation was per- 
formed on 1 patient with severe hallux val- 
gus deformities. A lipoma between the sec- 
ond and third metatarsal heads was removed 
in 1 instance. 

Surgical correction of severe hallux valgus 
may follow any one of a number of proce- 
dures. These may consist of excision of the 
exostosis, resection of a portion of the cap- 
sule, osteotomy of the first metatarsal, pha- 
langeal shortening such as a Keller proce- 
dure, fusion of involved joints and tendon 
transplantations, or a combination of several 
methods. We have used the Keller proce- 
dure almost routinely. 


OPERATIVE TECHNIQUE 


A 2 inch curved incision is made over the 
metatarsophalangeal joint on the dorsome- 
dial aspect. The incision is carried through 
the subcutaneous tissues, and the skin edges 
are retracted in the plantar and dorsal direc- 
tion to expose the capsule of the metatarso- 
phalangeal joint. An elliptic portion of the 
capsule and inflamed bursa is removed. The 
capsule is then reflected by means of sharp 
dissection from the proximal phalanx and 
distal metatarsal. ‘The exostosis is then re- 
moved along with a wedge of the shaft of the 
metatarsal. The rough edges (including 
hypertrophied lips) are removed; the capsule 
is then removed from its attachment to the 
metatarsal and the proximal phalanx, fol- 
lowing which the metatarsophalangeal joint 
is dislocated. One-third to one-half of the 
proximal end of the proximal phalanx is re- 
nioved, a Gigli saw being used. 

A Kirschner wire (.062) is then passed in- 
t:amedullarly through the distal and proxi- 
nal phalanges into the first metatarsal so 
ti:at the great toe is fixed in alignment with 
t! e metatarsal. The capsule and ligaments 
ae then brought between the head of the 
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Fic. 1. a, Preoperative photograph. b, Preoperative 
roentgenogram. 


first metatarsal and the proximal portion of 
the proximal phalanx by means of a purse- 
string suture which is tied about the Kirsch- 
ner wire. The capsule and occasionally the 
subcutaneous tissues are closed with No. 000 
chromic catgut suture, and the skin is closed 
with interrupted cotton sutures. The pro- 
truding end of the Kirschner wire is cut 
about 3% inch from the end of the toe, and 
the protruding portion is bent at a right 
angle to the long axis of the toe. This pro- 
cedure prevents the wire from migrating. 
Usually there is a short gap between the 
metatarsal head and the end of the proximal 
phalanx. Moderate pressure dressings are 
then applied, and a strip of adhesive tape is 
placed over the end of the intramedullary 
fixation to prevent its catching on clothing 
or footwear. 
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Fic. 2. Postoperative roentgenogram. 


The patient is ambulatory the day after 
surgery and is allowed to walk on the heel 
or sole of the corrected foot, which may be 
aided by crutches or cane. The patient is 
discharged from the hospital the third to 
the fifth postoperative day. He is advised 
to wear shoes or slippers that have the por- 
tion over the great toe cut out. The patient 
returns to the outpatient department on the 
tenth postoperative day for removal of su- 
tures. The Kirschner wire is removed at the 
end of the third week and metatarsal pads 
may be applied at that time. We usually 
advise against the buying of new shoes for 
several weeks or until swelling and pain 
have subsided. 

In the immediate postoperative period 
most patients complain of moderately severe 
pain. This is usually relieved by the removal 
of the ace bandage and as the patient be- 
comes ambulatory. 

One patient in the immediate postopera- 
tive period developed a draining sinus about 
the Kirschner wire. ‘The wire was removed 
and there was no further difficulty. One pa- 
tient died 20 days postoperatively. Autopsy 
disclosed a ruptured abdominal aneurysm. 

Of the 42 patients operated upon, follow- 
up evaluations were obtained in 28 cases, 
19 of these by personal examination and 9 
by telephone or letter. Eleven patients were 
unavailable for follow-up, and 3 have died 
since their surgery. 


Early in our series of operative correction: 
of hallux valgus 8 simple exostosectomic- 
were performed. ‘Three patients were please«| 
with the results, and 5 were dissatisfied be- 
cause of recurrent deformity. 

The 19 patients seen in follow-up exam- 
ination had had 29 Keller procedures per- 
formed on the great toe. Considering the 
toes as individual units, 7 were involved with 
pain postoperatively. Of these 7 painful 
toes, the pain in 5 was caused by a callus 
beneath the head of the second and third 
metatarsals, and in the remaining 2 the 
first metatarsophalangeal joints were pain- 
ful. 

Twenty-four of these procedures were 
satisfactory to the patient. In 5 instances 
the patient was dissatisfied. wo of these 
were the result of pain in the first metatarso- 
phalangeal joint, 2 were the result of dorsi- 
flexed first toes, and 1 patient developed a 
painful arthritis of the interphalangeal joint. 
One of the patients developed a dorsiflexed 
toe following an infection in the metatarso- 
phalangeal joint which developed 16 days 
postoperatively. She was treated with anti- 
biotics, and wires were left in place until the 
twenty-sixth postoperative day. 

In 16 instances calluses were present be- 
neath the head of the second and third 
metatarsals. In 14 of these cases partial re- 
lief was given by the use of metatarsal pads. 
The range of motion in the great toes varied 
with each individual. Dorsiflexion of the 
great toe was about 20 degrees in the ma- 
jority of patients. Plantar flexion ranged from 
10 to 20 degrees. Only 2 joints were com- 
pletely flail. In 5 toes, however, no planta 
flexion was found to be present. Push-ol! 
was recorded as being poor in only 2 in- 
stances. 

Eleven Keller type procedures had bee: 
carried out on the second toe of the 19 pa 
tients returning for follow-up examination 
There were 4 instances in which the patien 
was dissatisfied. Three of these were the re 
sult of a dorsiflexion of the second toe pos' 
operatively which resulted in painful ca 
luses over the second metatarsal head an 
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Fic. 3. Postoperative photographs showing: a, flexion and, b, extension of toes. 


difficulty with the fitting of shoes. The other 
patient complained of a hammer toe with 
associated pain secondary to a Keller pro- 
cedure. Metatarsal calluses were present in 
3 instances, and metatarsal pads were used 
in 7. 

Seven patients were contacted but were 
not seen postoperatively on a long term fol- 
low-up basis. In this group 10 Keller pro- 
cedures had been carried out. One patient 
complained of pain; this was not located 
entirely within the first metatarsophalan- 
geal joint but involved the entire foot. ‘This 
patient stated that she had generalized 
arthritis at the time. All patients in this 
group were satisfied with the procedures 
employed. Metatarsal calluses were present 
in 7 instances, and only 1 patient used met- 
atarsal pads. Push-off was noted as being 
poor in only 1 instance. ‘This was apparently 
because of a flail joint. Of the 10 Keller pro- 
cedures 4 were carried out on the second 
toc. Dorsiflexion of the second toe was pres- 
en! in 3 instances. One patient developed a 
recurrence of pain in her valgus deformity, 
an! a second Keller procedure was carried 
ou’ on the great toe followed by intramedul- 
lar. wire fixation. One patient developed 
pa. over the medial sesamoid. It was ex- 
pl. ed, and microscopic examination of the 
tiss..e removed was reported as a papillary 
Sy!) )vitis. 


COMMENTS 

There has been an impression that Keller 
procedures on the first metatarsophalangeal 
joint for hallux valgus deformity result in 
a flail joint. This observation has not been 
true in our series, since most of the patients 
examined had some plantar flexion provid- 
ing good push-off function and good sta- 
bility of the foot. 

Correction of a metatarsus primus varus 
deformity is possible by means of the intra- 
medullary wire fixation, which, in addition 
to providing a postoperative splint, also 
holds the first and second metatarsals in an 





Fic. 4. An illustration of another correction of severe 
hallux valgus with the wire fixation. 
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improved relationship until postoperative 
fibrosis and reattachment of the capsule and 
the adductor hallucis have taken place. ‘The 
varus of the first metatarsal has been im- 
proved in most of our series. 

The results of the Keller procedures on the 
second and third toes have been disappoint- 
ing. In addition to the resection of the base, 
a wedge osteotomy should also be done at 
the interphalangeal joints. ‘The toes should 
then be fixed with a longitudinal wire splint 
and the extensor tendon attached to the cap- 
sule remnant or over the head of the second 
metatarsus to aid in elevating the head of 
the metatarsal. Excision of the head of the 
metatarsal has not given very satisfactory 
results in the relief of pain. Our poor results 
were due to the fact that we failed to correct 
the deformities of the lesser toes. The Keller 
procedure has given very satisfactory results 


when used in conjunction with Kirschne: 
wire fixation and in the lesser toes an inte1 
phalangeal arthrodesis. 


SUMMARY 


Forty-two patients were seen in the Ortho- 
pedic Department of the Geisinger Memo- 
rial Hospital and Foss Clinic between 1947 
and 1955. In this group 54 Keller procedures 
were done with intramedullary wire fixa- 
tion. The results of this treatment are re- 
viewed. To obtain the best possible results, 
extensive surgery to correct all toe deform- 
ities must be carried out. 
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DIETARY MANAGEMENT OF 


POSTGASTRECTOMY DUMPING SYNDROME 


FRED W. ROBINSON, M.D., F.A.C.S., and ADELLE COREY PITTMAN, B.S., 


Houston, Texas 


THE POSTGASTRECTOMY DUMPING SYNDROME 
has been a major complication in patients 
following gastrectomy. McNeer indicated 
that it had ceased to be a serious problem 
when a diet high in protein and fat and low 
in carbohydrate was used in such patients 
(8, 10). 

While reviewing the literature on this sub- 
ject, it was soon discovered that the concept 
of feeding a high protein, low carbohydrate, 
and low liquid diet to postgastrectomy pa- 
tients is not a new one. Alvarez, in 1949, 
suggested avoiding sugar, after demonstrat- 
ing that the dumping syndrome could be 
produced by running food into a jejunal 
fistula too rapidly. Aldersburg, also in 1949, 
reported success in some patients with a high 
protein, high fat, modified carbohydrate diet. 
Milk and sweets have been implicated as of- 
fending agents by many writers. Most be- 
lieve the condition to be less severe after a 
Billroth I procedure. Some writers advise 
operations to convert gastrojejunostomies to 
gastroduodenostomies with or without addi- 
tional maneuvers to support the stomach or 
afferent loop. This is usually advised only in 
extreme cases. Others state that the type of 
resection is unimportant. 

The consensus at this time seems to be 
that the rapid emptying of food into the 
jejunum, with the resultant physiologic 
changes, is the initiating factor in the pro- 
duction of symptoms. It has been shown 
experimentally that electrocardiographic 
changes, electrolyte changes, blood volume 
decrease, and symptoms occur concomi- 
tantly, when a hyperosmotic mixture is in- 


From: Veterans Administration Regional Office, Houston, 
exas. 
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troduced into the jejunum, whether by tube 
or by gastric remnant. Miller reported in 
1949 that normally the chyme in the je- 
junum is isotonic with tissue fluid because of 
dilution and absorption of sugar by the duo- 
denum. He stated that the usual small bowel 
osmotic pressure is not in excess of 300 mil- 
liosmoles. Machella has shown that the 
symptoms are caused by the outpouring of 
fluid by the jejunal wall in an attempt to 
render the food isotonic. The changes take 
place when the normal reservoir function of 
the stomach is lost. A substitute reservoir of 
colon or ileum has not proved satisfactory 
in its prevention, since rapid evacuation still 
takes place. 

Hayes (5, 6) devised a diet to alleviate 
“dumping” symptoms and assist in weight 
gain as well, based upon similar observations 
and upon metabolic balance studies. He 
pointed out that the satiety value of fat is to 
agreat extent lost by patients who have under- 
gone gastric resection, and proposed a diet 
consisting of carbohydrate, protein, and fat 
in the ratio of 1:1.5:5. He believes that hos- 
pitalization is necessary for individualiza- 
tion of the regimen. 

There is some misunderstanding as to just 
what constitutes the dumping syndrome. It 
has become apparent that at least two dif- 
ferent symptom complexes may be present. 
They may also exist in combination. Reflux 
into the afferent loop in the Billroth II type 
of gastrectomy is not considered important 
in dumping, although it may produce the 
afferent loop syndrome. For our purposes, 
we have selected the complaints as related 
by Custer and described in an excellent hy- 
pothetic case by Fisher. It will be noted that 
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pain, which is predominant in afferent loop 
syndrome, is not included. 

The purpose of this clinical study was to 
ascertain whether or not such a diet as pre- 
viously mentioned would be of benefit in a 
large group of patients on an outpatient 
basis. 

In March 1955, a request was submitted 
to the record section of the Veterans Admin- 
istration Regional Office, Houston, Texas, 
for a list of veterans drawing disability com- 
pensation for surgical ulcer. The claims 
folders were obtained, and a list of 89 gas- 
trectomy patients was made. All were vet- 
erans having disabilities adjudicated to be 
‘‘service-connected” as a result of service in 
World War I, World War II, or the Korean 
conflict. From this list, subjects were called 
to the Regional Office at random. Selection 
was determined on the basis of their prox- 
imity to the Regional Office to minimize the 
expense of transportation. In addition, vet- 
erans appearing for routine compensation 
examinations or other purposes, who were 
found to be dumping, were also selected for 
study and treatment. Altogether, 82 patients 
were interviewed between May 1, 1955 and 
April 1, 1956. Of the original 89 patients, 
7 were not included because it was dis- 
covered that they had not had a gastrectomy, 
or that their gastrectomy was not of service- 
connected origin and, therefore, they were 
legally not eligible for treatment in the out- 
patient department. 

Most of our patients complained of symp- 
toms occurring any time from immediately 
after eating to 30 minutes later. The dura- 
tion of the symptoms varied. The primary 
complaints were those of nausea, weakness, 
fatigue, sweating, and rapid pulse, often suf- 
ficient to require the recumbent position for 
30 minutes or so, in order to obtain relief. 
Loose stools were often noted. The informa- 
tion was sometimes spontaneously given that 
milk and sweets were the primary offending 
agents, though some patients were entirely 
oblivious to the responsible foods. Unlimited 
freedom in the choice of foods must be con- 
sidered the source of difficulty in many pa- 








tients. ‘They have often been instructed by 
physicians and surgeons to “eat anything 
that agrees with you.” To prescribe a “bland 
diet” is a common practice. A number of our 
patients tried to adhere to the preoperative 
ulcer diet in spite of their symptoms, because 
they were convinced that milk was essential. 
The fact that they could not gain weight 
prompted many to try high carbohydrate 
foods repeatedly. As will be noted later, 
most patients who did not have the dumping 
syndrome had learned to avoid certain foods 
through practical experience, requiring 
many months. We hope to be able to reduce 
this long period of convalescence by giving 
more practical dietary advice during the 
postoperative period. 

Each of the 82 patients interviewed was 
seen by each of the authors, and information 
was reported on a previously prepared ques- 
tionnaire. All available records were exam- 
ined to determine the indications for opera- 
tion, type of procedure (Billroth I or II), 
and ultimately the severity of dumping, if 
any. If the veteran was considered to be 
dumping, he was referred to the dietitian 
for detailed instructions. 

It is realized that our criteria of mild, mod- 
erate, and severe will be inadequate for 
statistical studies. They represent our inter- 
pretation of the severity of symptoms re- 
ported by these patients. It is further realized 
that the interest shown by us may have had 
some psychotherapeutic effect. However, as 
we shall point out, a type of control in some 
patients did present itself. 

Our experience indicates the dietary reg- 
imen must involve omission of offensive 
foods, correct administration and timing of 
feedings, and control of the amount of each 
constituent allowed. Individual attention is 
essential in practicalizing the procedure, and 
we believe that advice by a trained dietitian 
is indispensable for the best results. The pro- 
cedure practiced in this clinic consists of the 
preparation of three progressive diets, with 
multiple vitamin supplements, sometimes 
containing some form of iron. The routines 
are not inadequate with respect to iron, but 
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the initial one is deficient in most of the vi- 
tamins and certain other minerals. 

Gastrectomy routine I. This plan omits car- 
bohydrates as completely as possible. It con- 
sists essentially of protein and fat. Fats from 
oleomargarine and butter are preferable, 
since our observation indicates that fats of 
higher molecular weight are not as satisfac- 
torily tolerated by postgastrectomy patients. 
This regimen therefore permits the ingestion 
of meats, fish, and poultry of all kinds, oleo 
and butter, crisp bacon, and eggs (prefer- 
ably hard-cooked). 

The feedings are taken “‘dry.”? No water or 
other fluids are permitted for a period of 30 
to 40 minutes prior to or following feedings. 
It is also suggested that extremes of tempera- 
ture in food and drink be avoided. As pre- 
viously noted, no sugar or sweets of any kind 
are allowed. The calory ratios of this routine 
I are approximately: carbohydrate 0, pro- 
tein 1.5, fat 5. As individual patient require- 
ments are determined, minor variations can 
be introduced. Calories are adjusted to in- 
dividual needs (Table I). 

The patient is permitted coffee and tea, 
sweetened with saccharine or cyclamate. He 
may have fountain limeade or lemonade, 
omitting syrup, adding his own non-nutri- 
tive sweetener. We have also suggested an- 
other beverage, using individual bottles of 
carbonated water, to which saccharine is 
added with the patient’s choice of artificial 
flavoring (not syrup). 

For the initial period the foregoing is all 
the patient receives—meat, eggs, crisp ba- 
con, oleomargarine or butter. Meats may 
even include processed meats (if prepared 
without cereal) such as frankfurters and 
braunschweiger if the patient experiences no 
gastric disturbances or eructation from them. 
Six well spaced feedings of moderate amounts 
are recommended. All patients are advised 
that a certain weight loss might ensue, due 
possibly to the relatively high protein con- 
tent of the diet, in spite of the liberal amounts 
of butter or margarine recommended. 

For 1 month the patient continues this 
regimen, reporting during the period any 


TABLE I.—GASTRECTOMY ROUTINE I 
Calory ratio 


CORONER oss ccendca te dncnie’ 0 
NE etdac anu avs aanwseiaewetes 1.5 (360-450 gms.) 
) Ee ne OT PO CRC OT TT 5 (130-170 gms.) 


6 dry feedings daily. 
Liquids spaced 30-45 minutes from solid foods. 
Calory-free beverages. 
Lean meats, very crisp bacon. 
Fats of low molecular weight. 
Eggs, hard-cooked. 
No sugar or sweets, no milk products. 


deviation from, or infraction of, the pre- 
scribed rules. When the test period is con- 
cluded, the subject is recalled for follow-up 
and recording of results on a gastrectomy 
follow-up sheet for comparison with previ- 
ously reported symptoms. 

Gastrectomy routine II. The veteran is next 
assigned routine II, which includes those 
items on the first plan, plus vegetables and 
other complex carbohydrates in the form of 
breads, cereals, and pastes, but with accu- 
rately stipulated amounts of these. In our 
clinic, we instruct the patient not to deviate 
in any degree from the amount specified. 
However, freedom in the use of protein is 
permitted, as long as a proportionate in- 
crease in the fat is made. At each visit, the 
veteran is seen by both the surgeon and the 
dietitian for evaluation (Table IT). 

Gastrectomy routine III. When the previous 
two procedures—each of which continues 
for a month—are concluded, the third and 
final routine is assigned. ‘This regimen con- 
sists of the constituents of the previous two 
diets, and adds unsweetened fruits. Again, 
the patient is cautioned against increasing 
the amount of complex carbohydrate al- 
lowed, and no simple sugars are permitted. 
This last dietary plan is to be continued in- 
definitely, since it meets the basic physiologic 


TABLE II.—GASTRECTOMY ROUTINE II 


Calory ratio 
Carbohydrate...... 1 (100 gms.) Approximately 
a 1.5 (125-150 gms.) 3,000 
FOGS so wcxuccence cts 5 (200-250 gms.) calories 
Add to I: 
Complex carbohydrates. 
Vegetables. 


Nuts, as tolerated. 
Heavy cream, Philadelphia cream cheese. 
No sugar or sweets, no milk products. 
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TABLE III.—GASTRECTOMY ROUTINE III 
Calory ratio 


Carbohydrate...... 1 (100 gms.) Approximately 
ee 1.5 (125-150 gms.) 3,000 
DOR. vckseuiusuansn 5 (200-225 gms.) calories 


Calories adjusted to requirements. 
Add to II unsweetened fruits. 
No sugar or sweets, no milk products. 


requirements of the patient with the possible 
questionable exception of calcium (Table 
III). 


RESULTS 


Of the 82 patients studied, 51 were found 
to be dumping to some degree, and 31 
showed no evidence of the syndrome. Sixteen 
were not followed up for reasons to be ex- 
plained later. Thirty-five cases were studied 
throughout the series. 

It is interesting to note that of the 31 pa- 
tients not considered to be dumping, 18 had 
had Billroth II procedures of one type or an- 
other, 4 had had the Billroth I, and the type 
of operation was not known in 9. cases. ‘The 
work was done by surgeons throughout the 
United States. Indications for the operation 
in the nondumping cases were as follows: 


perforation in 2 cases, obstruction in 5, 


bleeding in 9, intractability (including pain, 
failure of medical management, “‘penetrat- 
ing’’) in 5, gastric in 2, and unknown in 8 
cases. One of the 31 patients had had mul- 
tiple procedures. All of these patients were 
operated upon between 1942 and 1956. 

On those patients found to be exhibiting 
the dumping syndrome, an estimate of the 
severity of the condition was made. This was 
not based upon any special symptoms, but 
was an appraisal of the individual’s com- 
plaints made by the one examiner who saw 
all patients. Seventeen were considered mild, 
23 moderate, and 11 severe. These veterans 
had also been operated upon by various sur- 
geons between 1942 and 1956, and the indi- 
cations for the operations were similar to 
those of the patients who were not dumping: 
perforation in 6 cases, obstruction in 6, 
bleeding in 19, intractability in 14, gastric 
ulcers in 0, lymphosarcoma in 2, atrophic 
gastritis in 1, and unknown in 3 cases. In 3 





cases, the indication for the operation was 
not known by the patient or was not shown 
in any clinical records available. One of the 
procedures done for perforation was per- 
formed as a delayed operation. Nine of the 51 
patients had been subjected to multiple 
operations. Eleven were Billroth I and 25 
were Billroth II, and the type of operation 
was not known in 15 cases. 

As noted before, 16 of the dumping cases 
were not followed. Three of them showed 
minimal symptoms and were given routine 
III without further care. Four were experi- 
mental subjects at the Veterans Administra- 
tion Hospital. Two moved out of the area 
soon after the initial interview, and 6 of them 
either found it inconvenient to return for 
follow-up, or were not interested in the pro- 
gram. One was not recalled through clerical 
error. 

Twenty-eight (80 per cent) of the 35 cases 
which were followed throughout the series 
were considered to be improved. This deci- 
sion was made by the patient’s own state- 
ment, the surgeon and the dietitian, and in 
no case was a patient considered improved 
when he did not himself so state. Not all of 
the improved patients were completely 
asymptomatic, but they nevertheless felt 
much better than they had prior to the die- 
tary series. The subjects were followed up 
for an average of 8 months, and question- 
naires were sent them 6 months after the 
termination of all interviews and before com- 
pletion of this report. 

Failures occurred in 7 cases, as follows: 
patient 31 failed to co-operate. He had 
minimal symptoms, and when recalled, 
stated he was somewhat improved. One fol- 
low-up was not considered adequate, and 
since he was still having symptoms, he is 
classified as a failure. Patient 24 failed to 
co-operate with the study for unknown rea- 
sons, and showed no improvement. Patient 
6 had severe dumping. He failed to co-oper- 
ate with the dietary routine suggested, and 
was later hospitalized with gastrointestinal 
bleeding. He did not return to the clinic 
thereafter. Patient 2 was considered to have 














moderate dumping. He was mentally defi- 
cient, and did not co-operate fully because 
of inability to do so. He retained his symp- 
toms. Patient 27 had moderate dumping. 
He became disgusted and stopped treatment. 
Patient 32 had severe dumping. The patient 
was hospitalized on the date of his third 
interview, with active schizophrenia. He did 
not follow the routine prior to that time. 
Patient 65, with moderate dumping, im- 
proved on routine I. Some dumping re- 
turned on routine II. He did not return for 
subsequent visits, in spite of frequent re- 
quests. 

All patients studied throughout the pre- 
scribed length of time with an attempt at the 
three different diets who did not improve 
were called failures, regardless of their other 
manifestations. It is realized that some of the 
patients who were not followed might also 
have been considered failures had they had 
an equal trial of observation. Some of these 
patients were also being studied at the Vet- 
erans Administration Hospital for evalua- 
tion of the dumping syndrome and control 
by other means, and they were not used. 
They were given little or no dietary advice 
in this office, in order to validate both studies. 


DISCUSSION 


It is interesting to note that, of the pa- 
tients who stated they were not dumping in 
the first place, most were following a type of 
diet similar to our routine III, although 
they denied following any prescribed diet. 
Nearly all of these patients avoided sweets, 
ice cream, chocolate, and milk, and stated 
that if they ate these foods in any quantity, 
they had symptoms. A very few of these pa- 
tients stated they had no food incompatibil- 
ities. Ice cream and milk were the primary 
offenders in all patients interviewed. Patient 
74 stated emphatically that he abandoned 
the “hospital diet”? a few days after his dis- 
missal, because ‘‘it made me sick.’’ He soon 
learned what he could and could not eat. 

We have had some interesting ‘‘controls”’ 
among our dumping patients. One, who 
originally had severe symptoms, is employed 
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at a drive-in restaurant. On 1 occasion he 
accidentally drank some dilute simple syrup. 
He became violently ill 30 minutes following 
this incident. Several patients who have been 
asymptomatic for several months have noted 
a return of a few mild symptoms with the 
routine III, and have found it necessary to 
alternate the routine I with the routine IIT 
in order to relieve their symptoms. One pa- 
tient has recently returned with symptoms 
suggesting a mild hypocalcemia. It is real- 
ized, as mentioned before, that there is per- 
haps a deficiency of calcium in the diet, and 
the effect of this will be studied at a subse- 
quent time. 

It is our impression that the type of man- 
agement of the patient with the gastrectomy 
syndrome outlined is of value, even on an 
outpatient basis, and it can be initiated and 
followed in that manner. It is possible that 
some failures might have been avoided had 
the patients been hospitalized for a primary 
routine, where closer attention could have 
been paid to their individual needs. Never- 
theless, we do believe that it is worth while 
for all patients with the dumping syndrome 
to be started on a definite diet. A new series 
is being started in which the routine II will 
be omitted in order to speed the intake of a 
palatable diet. All patients are advised that 
they should keep routine I in mind, in the 
event they have difficulty. It is possible that 
the most severe ‘“‘dumpers”’ will be required 
to use this routine most of the time. It is be- 
lieved that, though this regimen can be car- 
ried out on an outpatient basis, supervision 
of the patient is necessary, and that the ad- 
vice of a dietitian is invaluable for shading 
the adaptation to each individual. 

Many gastrectomy patients have been on 
a high milk content diet for so long that they 
are convinced it is good for them. One of the 
primary problems in stimulating acceptance 
of the routine has been the changing of con- 
cepts formulated through previous years of 
active ulcer therapy. The contradiction of 
their surgeons’ postoperative advice has 
given us some difficulty, but once the prob- 
lem has been solved, the patients’ enthusi- 
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asm for our routine has been most gratifying. 
Occasionally difficulties do arise, such as the 
egg allergy of one patient, and such as that 
in patient 57, who had associated gallblad- 
der disease. Our high fat diet caused him 
some discomfort. While this patient was 
being studied by his local physician, he was 
placed on a Sippy diet, and his dumping 
symptoms returned to such an extent that he 
had to refuse the milk and cream. Cholecys- 
tectomy alleviated the complaints caused by 
our diet, but the sugar given him postopera- 
tively caused postprandial nausea. 

It has been noted in the writing of other 
authors that the dumping syndrome is some- 
times considered to be of temporary dura- 
tion, and that it gradually disappears. Very 
little explanation is offered for this fact, ex- 
cept that the patient learns what he can eat. 
‘We wish to postulate that the subjects in 
whom dumping manifestations disappear 
have less difficulty because they have learned 
to pursue a dietary regimen such as we 
recommend. Therefore, we believe that by 
starting the patient off on this routine, a long 
period of disability and discomfort may be 
prevented. It is hoped that the patients re- 
cently subjected to gastric resection will no 
longer be given the advice to “Eat an ulcer 
diet,” or “Eat whatever agrees with you.” 
We believe that to date, dietary management 
of the dumping syndrome is the best therapy 
we have to offer. 


CONCLUSIONS 


1. The dumping syndrome is a frequent 
sequela to gastrectomy. 





2. The dumping occurs after any type 
gastrectomy now performed. 

3. A significant number of dumping pa- 
tients (80 per cent in our series) can be im- 
proved. The symptoms can be completely 
alleviated in some by dietary management 
consisting of a high protein, high fat, low 
carbohydrate routine, with frequent feedings 
and with the omission of liquids taken at 
meal time. 

4. The onset of dumping syndrome may 
perhaps be prevented if postoperative gas- 
trectomy patients are placed on such a diet 
early during convalescence. 
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CIRCULATORY FAILURE 


THE CLINICAL PROBLEM OF ACUTE 





GUY P. SHARPE, M.D., Greenwood, Mississippi, H. THURSTON WHITAKER, M.D., F.A.C.S., 
and WILLARD H. PARSONS, M.D., F.A.C.S., Vicksburg, Mississippi 


CARDIAC ARREST, although rare, has in- 
creased in incidence sufficiently during the 
past several years to warrant general con- 
cern. From 1931 through 1950, for example, 
not 1 instance of cardiac arrest was recorded 
at the Vicksburg Hospital. Occasionally, 
death occurred on the operating table, but 
not as a result of cardiac arrest. During the 
past 5 years, however, we have encountered 
7 such cases at the Vicksburg Hospital! and 
1 on our service at the Mississippi State 
Charity Hospital. Only those patients have 
been considered to have had true cardiac 
arrest who fulfilled the criteria described by 
Berne: ‘‘Cardiac arrest is potentially avoid- 
able, usually reversible ventricular asystole, 
with or without fibrillation, precipitated by 
the effect of anesthesia alone, of surgery 
alone, or of these two in combination.” 
The explanation for the increased fre- 
quency of this operative catastrophe re- 
mains obscure. That it is attributable to the 
performance of more extensive and more 
radical operations today does not seem en- 
tirely plausible. Admittedly, cardiac and 
cardiovascular operations are a relatively 
recent advent, but except for these, just as 
many extensive and radical operations have 
been performed for many years as are being 
done today. Nor can we accept the premise 
that cardiac arrest will not occur in a pa- 
tient who has received a preoperative thera- 
peutic dose of atropine, since this has been 
disproved in some of our own cases. 
Cardiac arrest does not, however, seem 
to be a sudden, unforeseeable episode. The 


From the Surgical Services of the Vicksburg Hospital and The 
Vicksburg Clinic, and The Vicksburg Hospital Division, Missis- 
sppi State Charity Hospital, Vicksburg, Mississippi. 

'There has been no cardiac arrest at this hospital subsequent 
to October 19, 1955 to this time, March 16, 1957. 
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very definition that we have chosen would 
preclude, or make unlikely, such a state. We 
do not believe that the heart ceases to beat 
abruptly; on the contrary, it has a strong 
tendency to continue pumping despite most 
obstacles and impediments. 

The 8 cases of true cardiac arrest included 
in this series have been summarized in 
Table I. A study of these records failed to 
yield any common denominator that might 
be responsible for the casualty. The pa- 
tients, ranging in age from 2 to 78 years, 
included 3 women and 5 men; 3 were 
colored and 5 were white. One patient ac- 
cepted for an emergency operation was 
known to be a poor risk. Three underwent 
operations for malignant disease, 2 of whom 
were in fair condition and the other in ex- 
cellent condition. All patients had been prop- 
erly prepared and were carefully observed. 

Preanesthetic medication, which included 
morphine, codeine, or demerol, pantopon, 
and atropine, was within reasonable dosage 
limits, and none of the curare drugs was 
used. In 1 patient the lapse of time between 
adminstration of preanesthetic medication 
and the anesthetic was too brief. Anesthesia 
was induced by various techniques and with 
various agents: thiopental sodium, always in 
small doses, nitrous oxide, cyclopropane, 
ether, and procaine hydrochloride, locally. 

Cardiac arrest, which was noted by the 
anesthetist in all 8 cases, occurred at various 
times during the procedure, once preopera- 
tively, only 5 minutes after administration of 
the anesthetic was begun. In 1 case, recog- 
nition of arrest was delayed, and in another 
the delay in instituting resuscitation was un- 
warranted; this was the single poorly man- 
aged case. In the other 6 cases, arrest was 
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poor exchange through en- 


rest in 


tion never adequate prior to 


dotracheal catheter. Relaxa- 
cardiac arrest 


diastole 


Cardiac action restored after 


Massage, artificial respi- 


About 1 hr. af- 


Cyanosis, P. Before 


Transgastric removal 


Fair 


Gastric polyps 


neous R. 22 min. later. Re- 


2 min. massage. Sponta- 
covery complete 


chloride, Ca gluconate, 


ration with epineph- 
levophed 


rine, procaine hydro- 


tion begun, 
7th inter- 


ter opera- 
space 
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First peripheral pulsation after 


Massage, forced R. with 


1 min. after ar- 


Before 


Elective cholecystec- Cyanosis, 


Poor 


Acute cholecystitis with 


6 min. massage. Spontaneous 
R. 27 min. later. Responded 


somewhat 8 hrs. later. Ra- 
tional next a.m. Mental 


Ons, epinephrine, pro- 
caine hydrochloride 


rest, left an- 
terolateral 


opera- 


tion 


B.P. ab- 
sent. 


tomy 


cholecystostomy and 


drainage 11 days previ- 


ously. Cholelithiasis 


topically and by slow 


drip 


thoracic in- 
cision 


Asystole. 
Heart 


aberrations and psychosis 3 
days p.o., transient. Trans- 


ferred to local hospital. 


Doing well 


enlarged 


recognizedearly, thoracotomy was performed 
promptly, and resuscitation was begun within 
1 to 4 minutes after arrest occurred. Resusci- 
tation was attempted by use of cardiac mas- 
sage and artificial respiration with oxygen. 
In addition, all known useful drugs were 
employed, including heparin, epinephrine, 
calcium gluconate, coramine, procaine hy- 
drochloride (intravenously and _pericardi- 
ally), atropine, metrazol, levophed, and 
potassium chloride, which was perfused into 
the coronary arteries after clamps had been 
placed distally on the aorta. In 1 case, the 
thoracic aorta was constricted. 

Four patients responded promptly to this 
routine, left the hospital perfectly well, and 
have remained so. Two other patients re- 
sponded promptly but died within a few days, 
one 3 days later following gastrectomy and 
the other 5 days later following resection of 
the colon. The remaining 2 died within 36 
and 44 hours, respectively. In patient No. 1, 
submitted to tonsillectomy, the airway was 
probably never efficient, and hypoxia may 
have existed for a considerable time before 
it was discovered. The fact that only 1 of the 
last 4 patients died, as compared to 3 of the 
first 4, reflects, we believe, improved tech- 
nique in management of cardiac arrest. 

In 1 additional patient not included in 
this series, a 71 year old woman, thoracot- 
omy was done on suspicion of cardiac arrest, 
but the diagnosis proved to be incorrect. 
The chest was closed, the operative procedure 
(radical resection of the breast) was con- 
cluded, and the patient recovered unevent- 
fully. This poses the question of manage- 
ment of patients with suspected arrest. 
Obviously, a balance must be obtained be- 
tween careless disregard of premonitory signs 
on the one hand and timidity, with fatal 
consequences, on the other. 

All patients in this series had received 
multiple drugs and sedatives, wherein lies 
the explanation of many cases of cardiac 
arrest. We believe that cardiac arrest results 
generally from (1) hypoxia, with starvation 
of the myocardium, (2) administration of 
drugs or anesthetic agents that poison the 








heart, or (3) a combination of these. Some 
patients, it is true, require many different 
drugs, but most do not. The new drugs and 
new technical refinements are all valuable, 
but only if used judiciously. Substitution of 
new drugs and new techniques for tried and 
proved ones that are equally as effective and 
far safer is to be discouraged. Dangers in the 
present tendency to use multiple agents and 
complicated methods must be fully recog- 
nized. 

Obviously, prevention of cardiac arrest 
should be the aim. Nevertheless, every sur- 
geon should be prepared to cope with this 
emergency as soon as it arises, for time is of 
the utmost essence. Equipment for thoracot- 
omy, for intubation and delivery of oxygen, 
and for defibrillation must be immediately 
available. ‘The necessary drugs must also be 
at hand. The surgeons, his assistants, and 
the anesthetist must be ever alert for this 
serious eventuality. Thoracotomy must be 
performed, if the chest is not already open, 
and regular, sustained, and effective massage 
of the heart must be instituted at once. This 
procedure requires skill, which is gained 
only by experience. The tracheal tube must 
be in place so that adequate oxygen may be 
given to protect the brain from irreparable 
damage and to enable the myocardium to 
resume action spontaneously or to respond 
to appropriate stimulation. 

As an emergency measure, cardiac mas- 
sage is usually performed hastily and vig- 
orously. Precautions should be taken to 
manipulate the heart as gently and carefully 
as possible in order that unnecessary trauma 
may be avoided, since hemorrhagic peri- 
cardial effusion has been observed immedi- 
ately following cardiac massage. Sharpe, in 
an experimental study of cardiac arrest, ob- 
served cardiac damage on postmortem ex- 
amination in 3 of 18 canine hearts. The 
most frequent complication in all his experi- 
ments was excessive myocardial hemorrhage. 
The use of stiff-backed sponges to compress 
the ventricles toward the interventricular 
septum seemed to minimize myocardial 
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damage. Peddie and associates reported 
structural changes in the hearts of 14 pa- 
tients who received cardiac massage for car- 
diac arrest and who subsequently died. 
Whereas progressive pericarditis was evident 
in all cases, regardless of the duration or 
technique of massage, myocardial damage 
was moderate to severe and sometimes in- 
cluded rupture when massage lasted longer 
than 15 minutes. Thus, when cardiac mas- 
sage must be prolonged, every precaution 
should be taken to avert serious heart injury. 


SUMMARY 


Cardiac arrest, although a rare operative 
complication, is increasing in incidence. 
Eight cases observed during the last 4 years 
at the Vicksburg Hospital and Mississippi 
State Charity Hospital have been analyzed. 
Although, in general, these patients received 
adequate preoperative medication and care- 
ful observation, all received multiple drugs, 
which may be responsible for the develop- 
ment of acute circulatory failure. It is pro- 
posed that cardiac arrest is the result of (1) 
hypoxia, with myocardial starvation, (2) ad- 
ministration of drugs or anesthetic agents 
injurious to the heart, or (3) a combination 
of these factors. It is advocated that proved 
drugs and techniques not be abandoned in 
favor of new but untried ones and that only 
essential drugs be administered. Whereas 
avoidance of cardiac arrest is, obviously, to 
be sought, every surgeon must be prepared 
to deal with this emergency when it arises 
by having readily available the necessary 
supplies and equipment and by becoming 
proficient in the technique for effective car- 
diac massage. Myocardial damage, a fre- 
quent sequela of cardiac massage, can be 
diminished by gentle, careful manipulation, 
particularly if massage must be prolonged. 
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VENTRICULAR ANEURYSM 


EXPERIMENTAL AND CLINICAL RESECTION FOR 


C. P. BAILEY, M.D., F.A.C.S., and R. A. GILMAN, M.D., Philadelphia, Pennsylvania 


VENTRICULAR ANEURYSMS may be caused by 
trauma, myomalacia (most frequently that 
due to myocardial infarction), or congenital 
deformation of the heart. ‘This latter condi- 
tion often is differentially designated as “‘di- 
verticulum of the ventricle.’’ By far, the 
commonest effective etiologic element is cor- 
onary arterial occlusion, and in most in- 
stances the left ventricle is involved. 

In a review of 512 patients who had suf- 
fered from acute coronary occlusion and ul- 
timately had come to autopsy, Schlicter, 
Hellerstein, and Katz found a 20 per cent 
incidence of aneurysm formation. ‘That this 
lesion is not benign is well illustrated by 
their study. Mural thrombosis was found 
within the aneurysmal sac in 53.9 per cent of 
the cases, and thromboembolic episodes were 
the main cause of death in 21.7 per cent. 
Heart failure appeared in 70 per cent of the 
patients and was the main cause of death in 
48.1 per cent. Actual rupture of a ventricular 
aneurysm is rare, death taking place from 
other cause before this accident occurs. 

When these figures are contrasted with 
those of Master who has demonstrated a 90 
per cent survival rate with 80 per cent re- 
habilitation in individuals who have suffered 
from acute coronary arterial occlusion but in 
whom aneurysm has not developed, one can 
appreciate the gravity of the lesion. 

In 1954, one of us (C.P.B.) undertook the 
resection of a postinfarctional ventricular 
aneurysm (3). The gratifying clinical result 
led to further investigation of the problem in 
the experimental laboratory. 
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With increasing laboratory and clinical 
experience, it became apparent that there 
are three very important basic problems in 
ventricular resection. The first is related to 
the very considerable danger of operative 
dislodgment of thrombotic material from the 
sac into the systemic circulation. 

The second is that of secure approximation 
of the edges of the remaining ventricular 
wall. This is more pertinent to the considera- 
tion of resection of ventricular diverticula or 
of acutely infarcted portions of ventricular 
wall than in chronic postinfarctional aneu- 
rysms in which the base of the sac charac- 
teristically is infiltrated heavily with fibrous 
connective tissue. 

The third problem concerns itself with 
the question of the extent of left ventricular 
resection which is compatible with survival. 


EXPERIMENTAL APPROACH 


The creation of a true ventricular aneu- 
rysm in the experimental animal is difficult, 
time-consuming, and uncertain. For these 
reasons, we directed our efforts toward the 
development of a technique for the resection 
of infarcted portions of the left ventricular 
wall which might be applicable in clinical 
patients. Tennant and Wiggers, Murray, 
and others have reported that an acutely 
infarcted portion of the ventricular wall be- 
comes cyanotic and moves in a paradoxic 
fashion. We were able to confirm these ob- 
servations in mongrel dogs following ligation 
of the anterior descending branch of the left 
coronary artery. This injury produced an 
area of visible infarction involving at least 
one-half of the anterior surface of the left 
ventricle and the apex. 

At first, resection of the infarcted area was 
carried out as suggested by Murray, under- 
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sewing the affected region with mattress su- 
tures and then excising the intervening heart 
wall. Unfortunately, the technique offered 
no protection against possible dislodgment 
of thrombotic material which might be at- 
tached to the undersurface of the excised 
area. Carter’s recommendation that pericar- 
dial tissue be incorporated within the suture 
line to prevent cutting through was accepted, 
but flat strips of ivalon sponge were sub- 
stituted for pericardium because of its better 
buffering action. 


FINALLY DEVELOPED TECHNIQUE ' 


Strips of ivalon, 2 centimeters wide and 3 
millimeters thick, are impaled upon the teeth 
of the apposing jaws of a Rumel ventricular 
clamp as modified by Morse (Fig. 1). The 
clamp is applied beyond the limits of the 
infarcted area so that the teeth are engaged 
well into the normal heart muscle, but with- 
out approximating the jaws. Wide incision 
of the intervening heart wall enables one to 
“flush out” any dislodgable thrombi, hemos- 
tasis being restored by simple closure of the 
clamp. 

The intervening infarcted region is ex- 
cised and the free margins of the ventricular 
wall are approximated with interrupted in- 
terlocking mattress sutures of heavy silk. The 
sutures are passed completely through the 
ivalon sponge on both sides of the incision, 
thus interposing an excellent buffer between 
the mattress suture loops and the epicardial 
surface of the heart. 

Ventricular fibrillation occurred in 6 of 20 
mongrel dogs subjected to anterior descend- 
ing coronary arterial ligation and immediate 
resection of the resulting triangular area of 
infarction upon the anterior wall of the left 
ventricle by the technique described. The 
resected triangle of muscle tissue in each case 
was roughly equilateral and measured at 
least 3 centimeters on each side. Defibrilla- 
tion was successful in 2 instances. One dog 
died of hemorrhage from the suture line. The 
remaining 15 survived the operation. 

Twelve dogs died between the first and 
ninth postoperative day. The autopsy find- 


ings were remarkably similar to those seen 
after death from experimentally produced 
mitral stenosis, with pulmonary edema, en- 
gorgement of the liver, hydrothorax, and 
ascites. ‘The remaining 3 dogs were sacrificed 
on the tenth, thirteenth, and twenty-second 
days respectively. Similar degrees of circula- 
tory congestion were evident. 

Postmortem examination of the hearts re- 
vealed dense pericardial adhesions over the 
region of resection. Internally, there was no 
thrombosis and only a linear groove to indi- 
cate the location of the suture line. The 
ivalon sponge showed progressive degrees of 
fibroblastic and fibrotic invasion with the 
passage of time. In no instance was the func- 
tional integrity of the chordopapillary sys- 
tem destroyed by the operative procedure. 
The ventricular origin of a papillary muscle 
had been amputated in several instances, but 
the severed end had become incorporated 
securely within the suture line and there 
was no evidence of mitral insufficiency 
present. 

Review of the operative notes indicated 
that there had been no immediate drop in 
blood pressure following coronary ligation, 
but that a drop of 10 to 30 millimeters of 
mercury in systolic pressure had occurred 
routinely after closure of the ventricular 
clamp. The left atrium, pulmonary artery, 
and right ventricle became noticeably dilated 
immediately afterward. 

At autopsy, these hearts fazled to show any 
compensatory dilatation of the lumen of the left 
ventricle. Instead, there was a consistent re- 
duction of 50 per cent or more in the volume 
of the left ventricle. 


COMMENT 


From these observations, we concluded 
that the normal mammalian heart is unable 
over a period measuring up to 22 days (at 
least) to compensate adequately for the 
luminal reduction which is produced by re- 
section of a large portion of the left ventric- 
ular wall. The resultant effect upon the 
circulatory dynamics is essentially similar to 
that produced by mitral stenosis. 





opir 
tion 
occl 
tion 
whi 
reac 
pro! 


ryst 
amy 
hyp 
ven 
larg 
tior 
lars 
dila 
ven 
bot 
ind 
sha 
wot 
ber 
ane 
me 
phy 
tric 
of | 
cay 
cas 


ter: 
pli 
the 


cli 


CLI 


vel 
wil 
tra 
res 
tri 
an 
an 


be 


lui 





\- 


a 


i- 








In the face of these observations, it is our 
opinion that the concept of immediate resec- 
tion of the infarcted area in acute coronary 
occlusion should be reviewed. Any func- 
tional inlet obstruction of the left ventricle 
which might be superimposed upon the al- 
ready heavily burdened and damaged heart 
probably would prove fatal. 

The problem in clinical ventricular aneu- 
rysm is very different. The heart has had 
ample opportunity gradually to dilate and 
hypertrophy. The effective size of the left 
ventricle will be found to be considerably 
larger than normal, in part due to the addi- 
tion of the volume of the aneurysmal sac but 
largely as a manifestation of ‘“‘compensatory” 
dilatation of the actual lumen of the left 
ventricle which now must propel blood into 
both the aorta and the aneurysm. In such an 
individual, considerable ‘“‘tailoring”’ of the 
shape and size of the left ventricular chamber 
would seem to be tolerable if not actually 
beneficial inasmuch as the removal of the 
aneurysm with its deleterious paradoxic 
mechanism must take away much of the 
physiologic necessity for the intrinsic ven- 
tricular enlargement. However, the degree 
of permissible reduction in left ventricular 
capacity probably is limited even in these 
cases. 

Such considerations are implicit in the 
term ‘“‘ventriculoplasty” which we have ap- 
plied (3) to the type of subtotal excision of 
the fibrosed portion of the ventricular wall 
which seems appropriate in the treatment of 
clinical cardiac aneurysm. 


CLINICAL EXPERIENCE 


To date we have treated 8 patients with 
ventricular aneurysm by surgical means, 
with 7 survivals. In 2, the aneurysms were of 
traumatic origin, following previous surgery, 
respectively, for mitral stenosis (with ven- 
tricular laceration) and for combined mitral 
and aortic stenosis (7). In both cases, the 
aneurysm was of “‘false” structure, the sac 
being formed by thickened pericardial tissue. 
The communications with the ventricular 
lumina were small. After the interior of the 
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Fic. 1. The Morse modification of the Rumel myocar- 
dial clamp. This fenestrated clamp in which the teeth 
have been made as delicate as possible to avoid damage 
to the myocardium may be armed with ivalon sponge to 
prevent tearing through the myocardium when a defect 
in the ventricular wall is being closed under tension. The 
proximal row of mattress sutures may be passed via the 
slot in through-and-through fashion to approximate the 
two lips of the ventricular incision. 


sac was explored with a finger inserted 
through an incision made in its fundus, the 
sac was cut away while the ventricular com- 
munication was tamponaded by the finger- 
tip. Then, the ventricular opening was su- 
tured directly. 

In 1 patient, the lesion was of congenital 
origin (diverticulum) and was amputated 
without incident. This case has been re- 
ported previously (1). 

In 5 cases, the patient had suffered previ- 
ously from coronary occlusion and had de- 
veloped an aneurysm upon the site of myo- 
cardial infarction. In 4, the base of the sac 
was broad. In each, ventriculoplasty was 
carried out. Four patients survived and 
their progress has been satisfactory. One pa- 
tient died at the conclusion of the procedure 
because of inadvertent dislodgment of the 
thrombotic contents of the sac during the 
surgical manipulations. It is believed that 
this tragedy, which occurred early in our 
experience, could have been prevented by 
the use of our present “‘flush out” technique. 
There has been no other embolic episode in 
the series. 


SUMMARY AND CONCLUSIONS 


1. The deleterious effect of ventricular 
aneurysm is reviewed. 
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2. The experimental evolution of a clini- 
cally successful method of subtotal excision 
of the ventricle is described. 

3. The problem of heart failure in dogs 
subsequent to ventricular resection is dis- 
cussed. 

4. The surgical treatment of 8 clinical 
cases of ventricular aneurysm has been re- 
ported. 

5. These encouraging results from surgical 
intervention in ventricular aneurysm in 
sharp contrast to the dismal prospects with 


conservative management strongly suggest . 


a more aggressive (surgical) approach in the 
treatment of this very common type of 
chronic heart disease. 
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SYMPTOMATIC HYPONATREMIA IN INFANTS AND 


CHILDREN UNDERGOING SURGERY 


HERBERT S. HARNED, JR., M.D., New Haven, Connecticut, and 


ROBERT E. COOKE, M.D., Baltimore, Maryland 


ALTHOUGH HYPONATREMIA during the im- 
mediate postoperative period has been ob- 
served with increasing frequency in adults in 
recent years, there are few reports of similar 
findings in children. Many of the adult pa- 
tients have been relatively free of symptoms 
and have required no specific therapy. The 
clinical manifestations, when noted, have 
been those either of water intoxication or of 
hyperpotassemia. The purpose of this article 
is to emphasize the clinical features of each 
type of disturbance in order to facilitate their 
recognition and treatment and to suggest a 
possible plan of fluid therapy for infants and 
children undergoing surgery. 


CASE MATERIAL 


Six children with severe symptoms due to 
hyponatremia in the postoperative period 
have been observed at the Grace-New Haven 
Community Hospital during the past 7 
years. However, a number of other children 
have been observed with probable sympto- 
matic hyponatremia but are not included in 
this study because of inadequate data. Four 
of the 6 patients exhibited symptoms and 
signs which are characteristic of water intox- 
ication, namely drowsiness, confusion, weak- 
ness and inco-ordination, stupor, recurrent 
convulsions, blurring of optic discs, retinal 
hemorrhages, moderate blood pressure ele- 
vation, and convulsions resistant to barbitu- 
rate. Three patients recovered without re- 
sidual symptoms despite severe and pro- 
longed convulsions. One infant died, prob- 
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ably not directly as a result of the lowered 
sodium concentration. The 2 remaining pa- 
tients had signs of hyperpotassemia, includ- 
ing cardiac decompensation, complicating 
the deficiency of sodium and are discussed in 
a separate section. 


WATER INTOXICATION 


The 4 patients who developed water in- 
toxication also developed symptoms 8 to 18 
hours after surgery. In 3 patients, excessive 
quantities of water without electrolyte had 
been administered intravenously during this 
period. One patient, L. J., was not given ex- 
cessive amounts parenterally but ingested a 
large quantity of water after recovery from 
anesthesia. In Table I, the rates of adminis- 
tration of water and electrolyte are given in 
milliliters and milliequivalents per 100 cal- 
ories metabolized according to the conven- 
tion of Darrow and Pratt. Such a method of 
calculation permits comparison of individ- 
uals of varying body sizes, temperatures, and 
activities. The usual intake of water for main- 
tenance of the average patient not under- 
going surgery has been considered to range 
from 120 to 130 milliliters per 100 calories 
metabolized. It can be seen that the amount 
of water administered or ingested in these 4 
cases was far in excess of this amount, and 
the amounts of electrolyte administered were 
negligible. 

When severe symptoms were present the 
serum sodium concentrations ranged from 
106 to 118 milliequivalents per liter. J. M. 
had a serum chloride concentration of 82 
milliequivalents per liter, but the sodium 
concentration was not determined. Other 
chemical analyses, except for the consist- 
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eration. provement. 
(See text) No residual 





*Derived from standard basal calorie data for ideal weight. 


ently low chloride concentrations were not 
abnormal. Elevation of the serum sodium 
toward normal was accomplished in the 3 
patients who survived by means of 3 per cent 
saline in 2 cases and isotonic saline and 
plasma in the third. 

L. J., weighing 16 kilograms, was given 
140 cubic centimeters of 3 per cent saline 
during a 90 minute period. The convulsions 
ceased just before this infusion was ended. 
Serum sodium was raised from 118 to 129 
milliequivalents per liter as the result of this 
therapy. Thereafter, she was given 695 
cubic centimeters of fluid containing 60 
milliequivalents of sodium and 5 milliequiv- 
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TABLE I.—CLINICAL AND LABORATORY DATA 
—___________Palients with water intoxication 





—Patients with hyperpotassemia__ 





J.M. M.M. K.O. E.P. 
3 2 days 6 mos. 7 wks. 
12.4 a 4.7 4.5 
0.58 0.18 0.28 0.26 
634 120 255 240 
Div. of patent Repair of Creation of a__ Blalock- 
ductus tracheo- trial septal Taussig for 
esophageal defect for tetralogy of 
fistula transposition Fallot 
of great 
vessels 
2 4% 4 6 
3018 491 343 506 
4.5 0 5.2 4.6 
0 0 25 55 
476 409 134 211 
0.7 0 2.0 1.9 
0 0 1.0 2.3 
Cl 82 Na 106 Na 120 Na 127 
Cl 81 K 8.5 K o 
Convulsions Developed 34 Hyperpo- Hyperpotas- 
starting degree C tassemia semia and 
11% hrs. hypother- and cardiac cardiac fail- 
after surg- mia and in- failure 56 ure 26 hrs. 
ery. Isotonic _termittent hrs. after after opera- 
saline and apneic epi- operation. tion. Died 
plasma were _sodes with- (See text) despite 3 per 
given with out convul- cent saline 
gradual re- sions. Rx. Terminal 
covery. No Signs sug- convulsions 
residual gested CNS 
damage. Re- 
spirations 
ceased sud- 
denly after 
Rx with 3 
per cent 
saline was 
started 


{Data for water, sodium, and potassium expressed as 24 hr. intakes to permit comparison. To obtained actual amounts given before clinical 
signs appeared, these figures must be multiplied by the appropriate time fractions. —_ y 
tExpressed as 100 calories metabolized:from onset of operation until appearance of signs of hyponatremia. 


alents of potassium. Sixteen hours later, the 
serum sodium was 134 milliequivalents per 
liter and the chloride 97.6 milliequivalents 
per liter. L. D. B., weighing 13.2 kilograms, 
was given 300 cubic centimeters of 3 per cent 
saline during a 3 hour period. The convul- 
sions ceased, and the sensorium cleared after 
2 hours. She was then given approximately 
300 cubic centimeters of fluid containing 10 
milliequivalents of sodium and 8 milliequiv- 
alents of potassium during a 6 hour period. 
The serum sodium rose from 116 to 136 
milliequivalents per liter in the 9 hours on 
this regimen. Serum potassium levels of both 
of these patients remained normal. The re- 
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sponse to therapy with 3 per cent saline was 
far more dramatic in these 2 cases than that 
o! J. M. who was given isotonic saline and 
plasma with gradual resolution of convul- 
sions over a period of many hours while the 
diagnosis was not appreciated. 

The case of L. J., similar to the others in 
most respects, is presented in detail: 


L. J., A 6 year old white female weighing 16 kilo- 
grams, was admitted to the Grace-New Haven Com- 
munity Hospital on May 24, 1953 for elective surgery 
for patent ductus arteriosus. Two days before surgery 
serum analyses revealed a sodium concentration of 138 
milliequivalents per liter, chloride of 99 milliequiv- 
alents per liter, potassium of 4.6 milliequivalents per 
liter, and carbon dioxide content of 24.2 millimols 
per liter. 

On the fourth hospital day, division of the patent 
ductus was performed. Preanesthetic medication con- 
sisted of nembutal (32 mgm.), morphine (2 mgm.), 
and scopolamine (0.2 mgm.). The anesthesia given 
was nitrous oxide-oxygen and cyclopropane-oxygen- 
ether and lasted 3% hours. From the onset of operation 
until 18 hours later, the patient received 810 milliliters 
of water and 1.4 millimeters of sodium chloride intra- 
venously. In addition, beginning 4 hours postopera- 
tively, she ingested more than 500 milliliters of elec- 
trolyte free fluids. The only medications that were ad- 
ministered were intramuscular penicillin and subcuta- 
neous morphine sulfate (1.4 mgm.) given 4 hours after 
surgery. 

Eighteen hours after surgery the patient became 
stuporous and developed muscle twitching and then 
severe generalized convulsions. The blood pressure 
was moderately elevated, the optic discs were blurred, 
and retinal hemorrhages were seen bilaterally. The 
neurologic findings were variable, asymetric, and 
suggested a left-sided cerebral accident. Lumbar punc- 
ture was normal except for an initial pressure of 340 
millimeters of water which fell to 240 after cautious 
withdrawal of fluid. 

Serum electrolyte analyses were obtained 26 hours 
postoperatively and revealed a sodium concentration 
of 118 milliequivalents per liter. The patient was then 
given 140 milliliters of 3 per cent saline intravenously 
over a period of 11% hours and the convulsions ceased 
before all of this salt had been administered. The 
seri:m sodium level after the infusion of hypertonic 
sali 1e was 129 milliequivalents per liter. Isotonic saline 
wa: infused as the sole source of water for the next 16 
hours. The sodium concentration was 134 milliequiva- 
len's per liter at the end of this period. An electro- 
enc: phalogram made 11 days later indicated that the 
con ‘ition was normal and the child is now well with- 
out sequelae from her 16 hour period of major con- 
vul: ve seizures. 
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HYPERPOTASSEMIA COMPLICATING HYPONA- 
TREMIA 

Two patients (K. O. and E. P., Table I) 
had signs of myocardial dysfunction with 
cardiac decompensation and laboratory evi- 
dence of potassium intoxication in associa- 
tion with low serum sodium concentration. 
They were both young infants with cyanotic 
congenital heart disease who had been ex- 
posed to prolonged and difficult cardiovas- 
cular surgery and anesthesia. Cardiac failure 
appeared 24 and 36 hours after surgery. 
Slow heart rates with regular rhythm asso- 
ciated with generalized weakness were ob- 
served in both cases. 

The quantity of water and electrolyte ad- 
ministered to patient K. O. was approxi- 
mately that considered adequate for main- 
tenance of the usual patient.’ However, the 
presence of a subdural hematoma may have 
led to ‘‘salt wasting” preoperatively. Like- 
wise, large doses of morphine sulfate given 
postoperatively may have produced some 
retention of water. 

The other patient, E. P., received some 
excess of water and potassium although the 
fluid therapy was not greatly different from 
that tolerated by many patients. 

Hyperpotassemia was suspected in both 
cases by the changes observed in the electro- 
cardiogram (Fig. 1). The high, peaked T 
waves in lead 2 are characteristic of potas- 
sium intoxication. Analysis of the serum con- 
firmed the presence of severe hyponatremia 
and hyperpotassemia. 

Elevation of the serum sodium by means 
of 3 per cent saline produced dramatic clin- 
ical improvement in patient K. O., but had 
little effect on patient E. P. who developed 
convulsive seizures just prior to death. A 
detailed report of K. O. is presented: 


K. O., a 6 month old white male weighing 4.7 kilo- 
grams, was admitted to the Grace-New Haven Com- 
munity Hospital on May 25, 1953, because of cyanosis 
from birth and occasional right-sided seizures from 2% 
months of age. Cardiomegaly and dyspnea were noted 


1Water, 120 to 130 milliliters per 100 calories metabolized; 
sodium, 3.0 milliequivalents per 100 calories metabolized; potas- 
sium, 2.0 milliequivalents per 100 calories metabolized. 
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Fic. 1. Electrocardiogram of patient K. O. at the time 
of myocardial failure associated with hyponatremia and 
hyperpotassemia. 


on physical examination. Subdural taps revealed 8 
milliliters of grossly bloody fluid on the left, none on 
the right. Serial subdural taps were performed during 
the next 10 days with diminishing returns from the left 
subdural space. The clinical and x-ray findings were 
compatible with a diagnosis of transposition of the 
great vessels, and surgical creation of an auricular 
septal defect was proposed. The child was digitalized 
with digitoxin; the salt intake was not restricted, and 
he was placed in oxygen. 

The child was operated upon on the tenth hospital 
day and the presumptive cardiac diagnosis was con- 
firmed. A large auricular septal defect was created. 
Preanesthetic medication consisted of atropine and 
scopolamine, and the anesthetic was cyclopropane- 
oxygen-ether mixture. The patient received 800 milli- 
liters of water, 12.1 milliequivalents of sodium, 18.0 
milliequivalents of chloride, and 5.8 milliequivalents 
of potassium for the first 56 hours after operation. Dur- 
ing the postoperative period the patient received six 
1.0 milligram doses of morphine at fairly regular in- 
tervals. 

Cardiac failure with marked hepatomegaly and 
slowing of the pulse first appeared about 36 hours 
postoperatively and became progressively more severe. 
An electrocardiogram taken 56 hours after surgery re- 
vealed changes compatible with hyperpotassemia. The 
serum potassium level at this time was 8.5 milliequiva- 
lents per liter. The serum sodium was 120 milliequiva- 
lents per liter. The patient was given 22 cubic centi- 
meters of 3 per cent saline and then he received 37 
milliequivalents of sodium in the form of isotonic saline 
over a period of 24 hours, with remarkable cardiac 
improvement. The pulse became more rapid and the 
cardiac decompensation disappeared within several 
hours as manifested by a progressive decrease in 
hepatomegaly. The patient was markedly improved by 
surgery, has gained weight well, and has maintained 
cardiac compensation. There has been no reaccumula- 
tion of subdural fluid. 





DISCUSSION 

The concentration of sodium in plasma 
is lowered by an increase in the volume of 
extracellular fluid or a decrease in the total 
amount of sodium in the extracellular space. 
The clinical states occasionally complicated 
by hyponatremia are outlined in Table II. 

Increase in extracellular volume. The intake of 
water without electrolyte was excessive in 
the 4 patients who developed signs of water 
intoxication. Three of these patients received 
excessive quantities of water intravenously. 
The other patient, L. J., was given limited 
amounts of fluid parenterally but she drank 
excessively to produce severe hyponatremia 
with convulsions. Thirst, in the presence of 
extracellular hypo-osmolarity, has also been 
observed in conditions complicated by a re- 
duction in plasma volume, circulatory in- 
sufficiency, or adrenal insufficiency. ‘The 
cause of excessive thirst in the postoperative 
period such as this patient showed has not 
yet been determined. 

Excessive intake of water normally leads 
to a water diuresis as shown by Verney and 
Leaf. Hyponatremia would not have been 
present if such a diuresis had occurred in 
these patients. The basis for the limited ex- 
cretion of water can only be inferred in these 
cases. There was no evidence of intrinsic 
renal disease in any of the patients in this 
series. 

It is likely that the water diuresis, usually 
expected after a water load, was prevented 
by the release of excessive amounts of anti- 
diuretic hormone by the posterior pituitary 
gland. Such a response has been postulated 
by Leaf and Mamby (9) in states in which 
low serum sodium levels persist after long 
periods of time as in congestive heart failure, 
Addison’s disease, and animals depleted of 
sodium by peritoneal dialysis. A common 
denominator may be a reduced effective 
circulating intravascular volume. Lewis !1as 
described increased antidiuretic activity in 
the urine of patients for 18 to 36 hours ‘vl- 
lowing surgery. . 

It is also probable that some of this a:iti- 
diuretic activity may be the result of } re- 
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operative or postoperative administration of 
morphine, as described by Crawford. Possi- 
bly circulatory readjustments secondary to 
cardiovascular surgery may contribute to 
this antidiuresis, since mild though asymp- 
tomatic hyponatremia may be observed fre- 
quently in adults undergoing mitral valvu- 
lotomy. 

Recent studies by Calcagno in children 
during the postoperative period suggest that 
postoperative oliguria is simply the result of 
fluid deprivation prior to surgery. It does 
not seem likely, however, that such a theory 
can be invoked to explain the water reten- 
tion observed in these cases. Patient L. J. 
was not thirsted for more than 12 hours be- 
fore surgery. Furthermore, normal release of 
antidiuretic hormone should be inhibited 
markedly by the administered water loads 
and the resulting hypo-osmolarity. 

Although transfer of water from intra- 
cellular to extracellular compartment may 
have occurred, calculations based on the bal- 
ance of chloride did not reveal such shifts in 
the patients of Goodyer and Glenn. 

Regardless of the cause of the hypona- 
tremia, the central nervous system symp- 
toms may be the result of increased intra- 
cranial pressure as well as alteration in elec- 
trolyte content of brain cells. 

Decrease in extracellular sodium. It is prob- 
able that the 2 patients K. O. and E. P., who 
demonstrated hyperpotassemia as a compli- 
cation of hyponatremia may have been 
somewhat deficient of extracellular sodium. 
Excessive loss of salt has been observed in 
patients with intracranial disease by Nyhan 
and Cooke. Unfortunately, the serum so- 
dium concentration was not measured prior 
to surgery so that we can only suspect that 
paiient, K. O., who had a subdural hema- 
tora, might have been sodium deficient. 
These patients may have had some redistri- 
bu‘ion of sodium into cells in the areas sub- 
jec'ed to surgical trauma. Losses of sodium 
by vomiting, diarrhea, gastric, or thoracic 
suc'ion did not occur. The rise in serum K 
wa. probably due to an inability to excrete 
po' assium which was given or released from 
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TABLE II.—CLINICAL STATES COMPLICATED BY 
HYPONATREMIA 
I. Expansion of extracellular space 
A. Excessive intake . 
1. Parenteral fluid therapy—glucose in water 
2. Oral (with diminished output) 
B. Diminished output (usual intake) 
1. Renal 
a. Intrinsic—nephritis, nephrosis, tubular necrosis, 
prematurity 
b. Extrinsic: (1) excess of antidiuretic hormone 
acute central nérvous system disease, pitressin 
therapy, surgery; (2) circulatory—heart fail- 
ure, cardiovascular surgery, malnutrition 
2. Skin—premature in high humidity 


II. Deficiency of extracellular sodium 
A. Inadequate intake 
1. Low salt diet 
2. Parenteral therapy with glucose in water 
B. Excessive losses 
1. Gastrointestinal—vomiting, salivary, gastric, biliary, 
pancreatic drainage, diarrhea, resin therapy, ene- 
mas (especially megacolon) 
2. Genitourinary 

a. Intrinsic renal disease—chronic nephritis, acute 
tubular necrosis (recovery phase), nephrosis 
(diuresis) 

b. Extrinsic influences—mercurial diuretics, dia- 
mox®), hypoadrenalism, central nervous system 
disease, pulmonary disease, expanded volume 
(pitressin, excessive water therapy) 

c. Arachnoid—ureterostomy 

3. Skin 

a. Normal sweat 

b. Abnormal sweat—cystic fibrosis, adrenal insuf- 
ficiency 

4. Parenteral—thoracentesis, paracentesis, burns 
C. Redistribution 

1. Potassium deficiency 

2. Trauma 


traumatized tissue cells. ‘The limitation in 
renal potassium excretion may have resulted 
from depletion of extracellular sodium in the 
distal tubule. Berliner has shown in sodium 
depletion that little sodium reaches the ex- 
change site, and therefore, the mass of potas- 
sium that can be excreted is severely limited. 
In addition, lowering of the glomerular fil- 
tration rate because of circulatory insuffi- 
ciency which may have occurred prior to the 
hyponatremia would also reduce the mass of 
sodium reaching the distal exchange site. 


RECOMMENDATIONS 


These cases suggest therapeutic principles 
which have been frequently ignored in the 
preoperative and postoperative care of in- 
fants and children. 

The detection of hyponatremia. Preopera- 
tively, chemical analyses of plasma or serum 
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TABLE III.—APPROXIMATE REQUIREMENTS OF 
WATER WITHOUT ELECTROLYTE DURING SURGERY 
Evap. Urine 
water, ml. water, ml. 
(90 ml./100 (30 ml./100 
cal./24 cal./24 Totalt 


Wt., kgm. Basal cal./24 hrs. hrs.)* hrs.)¥ ml./hr. 
3 150 6 2 8 
5 270 10 3 13 
7 410 15 5 20 
10 550 21 7 28 
20 850 32 10 42 
30 1100 41 14 55 
40 1300 49 16 65 
*This value is assumed to be high because of possible sweating and 


hyperventilation. 
tThis value is assumed to be low because of probable antidiuresis. 
{Does noi include abnormal losses of fluid (hemorrhage, wound ed- 
ema, suction) that must be replaced by appropriate electrolyte con- 
taining fluids. 


should be performed wherever long or dif- 
ficult surgery is contemplated, and urinalysis 
including specific gravity must be obtained. 

Knowledge of the sodium, chloride, car- 
bon dioxide, nonprotein nitrogen, and pro- 
tein concentration and renal concentrating 
ability permit correction of alterations in 
body composition prior to elective surgery. 
Such studies should be performed preopera- 
tively on all patients with previous disorders 
of the central nervous system, or with recent 
limitation of salt intake. 

Similar chemical analyses should be per- 
formed on all infants within the first 12 
hours following surgery and should be re- 
peated at 24 to 48 hour intervals thereafter, 
depending upon the clinical course of the 
patient. Any patient manifesting marked 
irritability, convulsions, or coma postopera- 
tively should be studied without delay to 
rule out hyponatremia as the cause of symp- 
toms. Likewise, the electrocardiograph may 
demonstrate the presence of hyperpotas- 
semia whenever heart failure occurs in this 
period. 


TABLE IV.—POSTOPERATIVE FLUIDS 





. so aks __FIRST DAY rc a dee a aso 
Ideal wt., c.c./kgm. —mEq./kgm.—— 
kom. Water Na Cl Kk 
3-10.... ‘ 55 1.6 1.6 0 
10-25... 46 3 PR 0 
20-50... 35 1.0 1.0 0 


et el sls ms 


‘oo |, | y a 83 


1.6 LO. 1.4 
10-25. : 68 RE Lo OS 
25-50 53 1.0 1.0. O.7 





The prevention of hyponatremia. Prevention 
is dependent upon the judicious use of water 
and electrolyte during and following sur- 
gery. The requirement for water during sur- 
gery is limited by virtue of the lowered 
metabolism during anesthesia and the fre- 
quent presence of antidiuresis. ‘Table [TI lists 
the probable maximal requirements for 
water without electrolyte calculated on the 
basis of caloric turnover. The calculated 
evaporative water losses are probably higher 
than occur in an air-conditioned operating 
room. The requirement for electrolyte has 
not been determined by experiment but is 
probably proportional to the magnitude of 
the losses which occur around the wound 
site. As in the fluid therapy of burns in which 
similar losses develop, such abnormal losses 
probably should be replaced by plasma or 
blood. 

For the 24 to 36 hours following surgery, 
the intake of water without electrolyte (5 
or 10 per cent glucose, fructose, or invert 
sugar in water) should also be limited. An 
intake of water of 80 cubic centimeters per 
100 calories would appear reasonable during 
this period with 2 to 3 milliequivalents per 
100 calories of sodium and chloride and no 
potassium. During the second postoperative 
day, the intake of water may be increased to 
120 cubic centimeters per 100 calories with 
3 milliequivalents of sodium and chloride 
and 2 milliequivalents of potassium per 1(0 
calories. Intakes of this order might be con- 
tinued until oral intake is well restored. 
Additional fluids to replace abnormal losses 
should be given as previously outlined by 
Cooke. The postoperative fluids for the first 
and second days, expressed in relation to 
body weight are shown in Table IV. 

If fluids are taken avidly by mouth, \t- 
tention must be paid to their electrolyte cvn- 
tent if hyponatremia is to be avoided. [n 
Table V, the sodium and potassium cvn- 
tents of many of the common oral fluids . re 
listed, as determined by Bills. 

Again, it must be stressed that if chro ic 
renal disease is present such restriction of 
water intake is not justified since renal ¢ n- 
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servation of water may be limited. In such 
cases, frequent and careful clinical and lab- 
oratory evaluation of the patient is essential 
until he has recovered sufficiently to regulate 
his own fluid intake. 

The treatment of hyponatremia. If hypona- 
tremia occurs in the postoperative period, 
the treatment must be guided by the clinical 
status of the patient. Hyponatremia occurs 
in many postoperative patients without any 
clinical effects. Avoidance of excessive water 
intake is all that is required in such cases. 

When severe central nervous system symp- 
toms are present, the serum sodium concen- 
tration should be elevated by the administra- 
tion of 3 per cent saline. The amount re- 
quired is given by the following empiric 
formula: 
mEq. of sodium = (140-pt’s serum Na in mEq./L.) X 0.6 

X body weight in kilograms? 

It is the present practice of the authors 
never to raise the sodium concentration 
more than 5 to 10 milliequivalents per liter 
at one time. The correction is effected over 
2 to 4 hours depending on the severity of 
the symptoms. Six cubic centimeters of 3 
per cent saline per kilogram given over a 2 
hour period will be expected to increase the 
serum sodium concentration 5 milliequiva- 
lents per liter. The patients described with 
water intoxication were treated vigorously 
because of the severity of symptoms. 

If only mild symptoms or those question- 
ably attributable to hyponatremia are pres- 
ent, gradual elevation of the serum sodium 
concentration may be produced by marked 
limitation of the water intake or supply of 
the usual water requirement as 5 per cent 
glucose in isotonic electrolyte solution. 

If severe symptoms of hyperpotassemia 
occur, elevation of the sodium concentration 
by the administration of hypertonic saline 
or sodium bicarbonate solution containing 
glicose with or without supplementary cal- 
ciim or insulin may produce dramatic im- 


= 


i 


*' cubic centimeter of 3 per cent saline supplies approximately 
0.5 ailliequivalent of sodium. 

iis phase of fluid therapy is expressed in terms of units of 
boc weight since deficit therapy may be interpreted as replacing 
a s¢ ment of the body spaces, the volume of which is directly 
ortional to body weight. 
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TABLE V.—SODIUM AND POTASSIUM CONTENTS OF 
ORAL FLUIDS 
—mEq./1,000 gm.— 
K 


Fluid Na 
Apple juice (sweet cider, bottled).. .... 1.7 26 
ee ee er ee eee 0.4 13 
Ginger ale...... Pod Od wee Remenee as 3.5 0.15 
Grape juice (concord, sweetened, 

bottled)........ ae ovieaahy eaae ees 0.4 31 
Grapefruit juice (sweetened, canned).... 0.2 38.5 
RM WHMIS oan a cadienccevawsuenawes 21.7 36 
Orange juice (unsweetened, canned).... 0.2 48.8 
NORE CUNY dee ca ence en ce eanes cased 6.5 0.77 
Pineapple juice (unsweetened, canned). . 0.2 36 
Root beer........ naaaiatawens G A 0.13 
Tomato juice (canned, salt added)...... 100 59 
Water (New Haven, Conn.)........... 0.13 0.03 





Calculated from Bills, C. E., 


McDonald, F. G., Niedermeier, W., 
and Schwartz, M. G. (2). 


provement. The use of the electrocardio- 
graph in guiding such therapy is invaluable. 

Murdaugh has recently described the use 
of alcohol to promote water excretion in 
adults with hyponatremia. ‘This therapy has 
not been used in children, but might prove 
valuable in hyponatremic states refractory 
to the methods described. 


SUMMARY 


Hyponatremia in infants and children 
during the postoperative period may be 
threatening to life. ‘Two clinical syndromes 
associated with hyponatremia, that of water 
intoxication and that of hyperpotassemia, 
were observed in 6 cases. 

Excessive intake of water parenterally or 
orally in the presence of antidiuresis was re- 
sponsible for the water intoxication. Deple- 
tion of sodium was probably responsible for 
the limitation in potassium excretion. 

Recommendations are presented for the 
detection, prevention, and treatment of 
symptomatic postoperative hyponatremia in 
infants and children. 
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BENIGN TUMORS OF THE LIVER 


VI. Multelocular Cystadenomas 


STANLEY W. HENSON, JR., M.D., HOWARD K. GRAY, M.D., F.A.C.S., and 
MALCOLM B. DOCKERTY, M.D., Rochester, Minnesota 


MULTILOCULAR CYSTADENOMAS are relatively 
common in the ovaries and less frequent in 
the pancreas. Such neoplastic cysts, however, 
are rarely encountered in the liver. Reports 
of 499 patients with cystic livers were found 
in the literature by Davis (2,3) 20 years ago; 
only 20 of these lesions were said to be soli- 
tary multilocular cysts. 

Cystic dilatation of an obstructed bile duct 
occasionally may appear to be a multilocular 
cyst on section, but this condition is more 
properly designated as cholangiectasia or 
simple retention cysts. It is not a neoplastic 
process. More commonly, a localized region 
of polycystic disease of the liver that for one 
reason or another has failed to reach a stage 
of diffuse involvement will appear to be a 
localized multilocular cyst. 

The files of the Mayo Clinic contained re- 
ports of only 5 cases that were thought to be 
examples of true benign cystadenomas of the 
liver. Because of the rarity of this condition 
and because of the long follow-up period 
available in 4 of these 5 cases, it appeared 
desirable to report our findings. This present 
paper constitutes the sixth and final part of 
our study on benign tumors of the liver en- 
countered at the clinic from 1907 to 1954, 
inclusive. 


REVIEW OF THE LITERATURE 


“arly writers considered that polycystic 
disease of the liver was a neoplastic process 


F om the Sections of Surgery and Surgical Pathology, Mayo 
Cli: c and Mayo Foundation, Rochester, Minnesota. 

A vridgment of portion of thesis submitted by Dr. Henson to 
the -aculty of the Graduate School of the University of Minne- 
sota ‘n partial fulfillment of the requirements for the degree of 
Ma er of Science in Surgery. 

DL) . Howard K. Gray now deceased. 





and that such lesions were examples of 
multilocular cystadenomas. One must ex- 
amine these reports very carefully before 
these lesions are accepted as true neoplastic 
cysts. 

Keen, in 1892, reported the first successful 
excision of a true multilocular cystadenoma 
of the liver. ‘This tumor was said to have tall 
columnar epithelium and papillary projec- 
tions “‘closely resembling dendritic growths,” 
as seen in certain forms of papilloma. Such a 
clear-cut description of proliferating epithe- 
lium clearly distinguishes the neoplastic na- 
ture of these cysts and differentiates them 
from simple cysts and the lesions of poly- 
cystic disease, which have flat to cuboidal 
epithelium. 

Rolleston thought that either single or 
multiple adenomas of the bile ducts could 
become cystic. Ewing questioned the neo- 
plastic nature of the cysts in some of the re- 
corded cases, of which Leppmann collected 
9. Jones reviewed the records in 60 cases of 
solitary cysts of the liver reported in the lit- 
erature and added 1 of his own; in only 12 
instances did these reported lesions appear to 
be solitary multilocular cysts. Jones in- 
cluded 34 cases previously summarized by 
Boyd. In the aforementioned series collected 
by Davis, 187 lesions were said to be solitary 
unilocular cysts and 20 were solitary multi- 
locular cysts. 

Warvi considered that cystadenomas of 
the liver were relatively common and were 
examples of the ‘“‘vesicular” type of cholan- 
gioma. He stated that cystadenomas of the 
liver were similar to cystadenomas found 
elsewhere and that ‘‘cancerous cystaden- 
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Fic. 1. Case 3. Cystadenoma of the liver illustrating 
the encapsulated multilocular nature of the lesion with a 
narrow rim of normal hepatic tissue around it. This soli- 
tary mass was excised from a 4 year old boy; 20 years 
later he was in excellent health and had no evidence of 


recurrence. 


omas’”’ may merge into the medullary type 
of carcinoma with formation of cysts. 


PRESENT STUDY 


Other types of benign tumors of the liver, 
both cystic and solid, have been considered 
in the preceding 5 parts of our study. The 
present report concerns itself with true be- 
nign multilocular cystadenomas, of which 5 
cases are available, as already mentioned. 
These are considered to be examples of true 
neoplastic cysts. 

Clinical features. Some of the data are sum- 
marized in the accompanying table. There 
were 2 men, 2 women, and a 4 year old boy 
with multilocular cystadenomas of the liver. 
The oldest patient was 64 years of age, and 
the average age was 52 years, excluding the 
child. The main symptoms were pain in 2 





patients, pain and a mass in 1, a recurreiit 
tumor of the liver in 1, and a draining sinus 
in 1. The pain was described as dull and 
aching, being aggravated by exertion or by 


jolting, as when the patient rode in a car. It 


extended to the left shoulder in one patient 
and to the back in another. 

Examination revealed an abdominal mass 
in 3 patients; the mass was described as a 
visible tumor that felt cystic and moved with 
respiration in one patient, an irregular, 
round, rough, movable tumor in another, 
and simply as a smooth, nontender mass in 
the third. The fourth patient had a persis- 
tent sinus tract in an abdominal scar, and 
the fifth had pronounced tenderness in the 
right upper quadrant that was thought to 
be indicative of empyema of the gallbladder. 

Tests of hepatic function were done in 
only 1 patient, who had a large recurrent 
tumor involving the right lobe. The value 
for serum bilirubin was within normal limits, 
and the sulfobromophthalein test showed a 
retention of 8 per cent at the end of 1 hour. 
Roentgenograms showed abnormal findings, 
consisting of a persistent deformity of the 
stomach and enlargement of the liver, in 
this patient. 

Diagnosis. ‘The preoperative diagnoses 
were a congenital cyst of the liver in one 
patient, a recurrent cyst of the liver in 
another, an indeterminate abdominal mass 
in the third, empyema of the gallbladder 
in the fourth, and a postoperative sinus 
tract in the fifth; this patient also had been 
operated on previously for a hepatic tumor. 

Pathologic features. A large, smooth, en- 
capsulated, lobular and cystic tumor was 
found at operation in each instance (Fig. '). 


TABLE I.—MULTILOCULAR CYSTADENOMAS OF THE LIVER: FIVE CASES 








Clinical features Lesion 
Age, Chief Duration of Size, Site, Follow-uf 

Case No. pears Sex complaint symptoms cm. lobe years 

1 64 M Draining 6 years 7 R _ 
sinus 

Z 26 M Pain 2 years 35 R 34 

3 4 M Pain and 2 weeks 10 L 20 
mass 

a 54 F Pain 4% years 12 L 8 

5 64 F Recurrent 14 years 20 R 3 


tumor 











in 














Fic. 2. Case 5. Multilocular cystadenoma of the liver. a, Note the tall proliferating columnar 
epithelium lining the cystic spaces and the papillary projections. Hematoxylin and eosin, 95. 


b, Same lesion, illustrating mucus-producing columnar epithelium. Mucicarmine, 345. 


The right lobe of the liver was involved in 3 
patients and the left lobe in 2. The cysts 
varied from 7 to 35 centimeters in diameter, 
with an average of about 17 centimeters. 
One patient, who had recurrent cysts, was 
said to have multiple large cysts involving 
the right lobe, the largest of which was 20 
centimeters in diameter. The fluid from the 
cysts was described in 3 instances; it was 
milky and syrupy in one, glary, mucoid and 
yellowish in another, and purulent in one 
patient who had been operated on previously. 

Histologically, the tumors consisted of var- 
iously sized cystic spaces lined by proliferat- 
ing cuboidal to high columnar epithelium 
(Fig. 2a). One cyst was lined with mucus- 
producing epithelium that exhibited infold- 
ing of the epithelium in the form of papillary 
projections (Fig. 2b). The walls were com- 
posed of connective tissue that varied from a 
loose meshwork containing many vascular 
channels and many cellular elements to rel- 
atively avascular, dense, fibrous tissue with 
practically no cellular component. Four cysts 
showed moderate focal infiltration by lym- 
pl ocytes; an intense reaction of inflamma- 
tion with infiltration by polymorphonuclear 
le::cocytes was present in the infected lesion. 

Treatment and results. Two of the cysts were 
enucleated, 2 were excised with a rim of 
nc-mal hepatic tissue, and 1 was partially 


excised, the remainder of the cavity being 
packed. There were no operative deaths. 

Of the 4 patients on whom follow-up 
studies were available, 2 were known to be 
alive and without recurrence 20 and 34 
years after operation, respectively. A third 
was alive but was having symptoms that 
may have been due to recurrence of the 
tumor 8 years after operation. The fourth 
patient was known to be alive and active, 
but with hepatomegaly, 17 years after her 
tumor was first excised elsewhere and 3 years 
after it was partially excised for the third 
time. The other patient has not been heard 
from since his operation. 


COMMENT 


That such benign cystadenomas of the 
liver do occur appears adequately estab- 
lished and is well illustrated by the patient 
(Case 5) in our series whose tumor was in- 
completely removed 3 times over a period of 
17 years. This particular tumor had papillary 
projections lined by mucus-producing epi- 
thelium and resembled the commoner ovar- 
ian and pancreatic cystadenomas. 

As already mentioned, the tumor reported 
by Keen had papillary projections resem- 
bling dendritic growths; this patient was 
alive and well 7 years after operation. A 
relatively recent report by Divella described 
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a similar tumor in which mucus-producing 
epithelium and papillary projections are 
clearly shown in the photomicrographs. 

We would not disagree with those who re- 
gard papillary projections with suspicion as 
indicating possible malignant properties in 
these tumors. One suspects that serial sec- 
tions of the entire tumor in these cases might 
demonstrate regions of low grade malig- 
nancy. The lack of cytologic evidence, how- 
ever, and the long follow-up in some cases 
would indicate a benign process. 

Without the entire liver for study, it is 
frequently difficult to decide whether a 
given hepatic tumor is a cystadenoma, an 
example of cholangiectasia or a localized 
zone of polycystic disease. Multiple lesions or 
diffuse involvement of the liver would tend 
to indicate one of the last two conditions. Fac- 
tors that favor a diagnosis of cystadenoma 
are evidence of encapsulation, a proliferating 
type of epithelium and compression of sur- 
rounding hepatic tissue. One expects poly- 
cystic disease to be slowly progressive; for 
this reason, a long follow-up without evi- 
dence of diffuse involvement of the liver 
would favor a diagnosis of cystadenoma in 
equivocal cases. 

When reporting a cyst of the liver, one 
should be careful to indicate whether the 
cyst is solitary or multiple, unilocular or 
multilocular, encapsulated or diffuse. In 
addition, the type of epithelium, the charac- 
ter of the contents of the cyst and, if possible, 
the etiologic factors should be mentioned. 


SUMMARY AND CONCLUSIONS 

Five patients with benign multilocular 
cystadenomas of the liver have been en- 
countered at the Mayo Clinic from 1907 to 


1954, inclusive. Two of these had recurren: 
tumors that had been excised previously. 

Multilocular cystadenomas of the liver are 
rare. They should be distinguished from 
cholangiectasia and localized zones of poly- 
cystic disease. 

The clinical and laboratory features of be- 
nign hepatic cystadenomas are similar to 
those of other benign tumors of the liver. 
Pathologically, they are solitary multilocular 
cysts with a proliferating type of epithelium; 
some lesions have papillary projections simi- 
lar to those seen in ovarian and pancreatic 
cystadenomas. 

Because these cysts are neoplastic and 
show a tendency to recur, they should be 
carefully excised. ‘They may be enucleated if 
they are well encapsulated, but if their true 
nature is suspected, they should be excised 
with a rim of normal hepatic tissue. 
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Cc. G. BOLLACK, M.D., Strasbourg, France 


CANCER OF THE PROSTATE rarely is discov- 
ered until complications develop; however, 
early diagnosis is very important because 
this is one type of cancer which responds 
favorably to hormonotherapy. 

In reviewing the statistical studies made 
in departments of pathology, one is im- 
pressed by the number of prostatic cancers 
discovered only at autopsy. Horstmann of 
St. George’s Hospital in Hamburg found 
255 cases of prostatic cancer in a series of 
10,130 autopsies. Of these patients, 169 died 
of widespread prostatic cancer but only 85 
cases were discovered through meticulous 
microscopic study of the prostate. The com- 
parison between clinical diagnosis and the 
findings at the time of autopsy are even more 
impressive. In only 43 per cent of the cases 
was a diagnosis of malignant tumor of the 
prostate made before death; in 36 per cent 
of the cases, a diagnosis of benign prostatic 
hypertrophy was made; and in the remain- 
ing 21 per cent of the cases, the diagnosis of 
prostatic cancer was overlooked completely. 

Today, since endocrine or surgical ther- 
apy is so often successful in the treatment of 
this disease in its early stages, any method 
which aids in the early diagnosis of this con- 
dition deserves attention. For several years 
we have been making cytologic and histo- 
logic diagnoses with material obtained by 
puncture biopsies of the prostate. We think 
this is a satisfactory means of making an 
early diagnosis of cancer. Before presenting 
our clinical results and describing our tech- 
nijue, we believe it would be worthwhile to 
review the history of cytologic diagnosis. 


HI TORY 


Che role of cytology in the diagnosis of 
ca icer is still poorly established. Many phy- 


ym the Clinique Chirurgicale A and the Laboratoire R, 
Le: -he, Strasbourg. 


PUNCTURE BIOPSY OF THE PROSTATE 


sicians consider these techniques as new 
procedures; however, it is easy to show that 
the study of cell structure has been prac- 
ticed for more than a hundred years. At the 
beginning of the nineteenth century, botan- 
ists and zoologists made fundamental stud- 
ies which culminated in the “cellular theory”’ 
that Schwann expounded so well in 1838. 
The first attempts to use the microscope for 
medical purposes date from this time. 

The name of Donné survives mainly in 
histology in the eponym of ‘“‘Donné’s cor- 
puscles,” which are found in colostrum. In 
1845 he published an interesting book on 
cytology (9). The atlas of this book, a mas- 
terpiece of iconography, was engraved by 
means of the daguerreotype microscope. 
The slides, real smears, were sometimes 
fixed with acetic acid, but never stained. 

Another precursor and well known cy- 
tologist was Lionel Beale. He is one of the 
authors of the last century who did the most 
to introduce laboratory tests in clinical in- 
vestigation in man. Counted among his rich 
scientific productions is a work which was 
immediately translated into French (3). 
Many chapters of this book deal with real 
cytology as applied to clinical diagnosis. 
The illustrations which Beale presents are 
very interesting. 

In speaking about cancer of the bladder, 
Beale writes: “Cancer cells—In cases of 
bladder cancer, one often finds some mor- 
bid products. Sometime ago, Mr. Fergusson 
asked me to examine a small fragment of 
gelatine-like product, coming from a man 
who had a bladder disease. Treating this 
material with water and some glycerin, I 
recognized easily, with an enlargement of 
200 diameter, capillaries covered with a 
large sheet of cancer cells. The diagnosis 
was confirmed soon after by necropsy exam- 
ination. Not long ago in four cases, the 
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Fic. 1. Smear of a puncture biopsy of the prostate. 
Suspicion of carcinoma. 


diagnosis of carcinoma of the bladder was 
made entirely with help of the microscope.” 

“The segmentation of cancer cells are 
done in the usual way, but much faster, 
irregularly, and at different points at once. 
I sometimes receive urine samples contain- 
ing many fusiform cells, and one could justi- 
fiably speak about bladder or kidney can- 
cer. Quite often these cells come from the 


ureter, and must never be considered as 
pathologic. One should never forget that 
ureteral epithelium and some vesical cells 
look strangely like cancer cells.” 

This paper was written almost a hundred 
years ago. 

Another pioneer in the field of cytology 
was Lataste, a zoologist of Bordeaux. La- 
taste, with his pupil, Moreau, in 1890 was 
the first to describe with precision the epi- 
thelial cycle of the rodent’s vagina. 

The first studies on prostatic secretion 
were made by Mulholland in 1931 with 
gratifying results. The smears were obtained 
by prostatic massage. It is difficult to under- 
stand why this technique was forgotten 
until the work of Papanicolaou in 1945, 
Later, Herbut and Lubin, Peters, and Al- 
berts and MacDonald published the results 
of their studies on prostatic cytology. 

The smears obtained after massage of the 
prostate often contain ureteral and vesical 
cells, and sometimes spermatozoa as well as 
prostatic cells. Such preparations are diffi- 
cult to study and can be a source of mis- 
takes. Since 1951 we have been using the 
puncture biopsy technique but we were not 
the first to use it. In 1925 Astraldi recom- 
mended biopsy of the prostate by the rectal 
route. , 


TECHNIQUE OF PUNCTURE BIOPSY 


Usually antibiotics are given 48 hours 
before the procedure is done. If one is afraid 
of damaging the urethra, we recommend 
putting a catheter in the urethra. The pa- 
tient is placed in the lithotomy position. 
Local anesthesia, using 10 cubic centimeters 
of 1 per cent novocain, is adequate. Wi'h 
the right hand, a trocar is pushed forward 2 
inches over the margin of the anus. Tle 
forefinger of the left hand is put in the rec: | 
ampulla and guides the needle to the poi:t 
of the gland that one wishes to puncture. 

In our experience, no immediate or li ¢ 
complications have resulted from this p: 
cedure. Bladder puncture occurs very rar‘ 
and is never harmful. Very few compli: :- 
tions are reported in the literature; ho ’- 
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ever, B. G. Clarke has reported a case of 
implantation of a prostatic cancer to the 
subcutaneous perineal tissue just at the site 
where a puncture biopsy was done 13 
months previously. 


LABORATORY TECHNIQUE 


As soon as possible, the product of the 
puncture should be fixed in 5 per cent for- 
maldehyde. The small specimens, 1 milli- 
meter or less in diameter, are taken out of 
the fixative agent and prepared by the 
classical histologic techniques: paraffin im- 
bedding, section, and staining. The remain- 
ing material is sometimes centrifuged. The 
smear is then made and dried before it is 
stained. 

Staining of cytologic preparation is still a 
matter of debate. Since 1950, we have been 
using only the hematoxylin-eosin staining 
method. This apparently simple technique 
has proved to be most satisfactory. Some- 
times, if we want to differentiate collagenous 
tissue, a trichrome (Masson or azan) type 
of staining is used. 

Usually the slides are studied with the 
ordinary microscope. Contrast or phase 
microscopy is not often used. 

Cytology. It is not our intention to describe 
the small specimens (1 millimeter or less) 
which are treated by the usual histologic 
techniques. That is classical pathology. The 
same cannot be said for smears. There is 
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1\G. 2. Smear of a puncture biopsy of the prostate. 
Su: vicion of carcinoma. 








Fic. 3. Smear of a puncture biopsy of the prostate. 
Suspicion of carcinoma. 


quite a difference in the microscopic aspect 
of a cell that is just spread out and one which 
is cut by a microtome. 

Normal cytology. On a smear, normal can- 
cer cells are isolated or in clusters of 3 to 30 
elements. ‘They are cubic or cylindric, and 
well delineated. The nucleus is round or 
oval shaped, the chromatin is narrow. On 
a smear there are not only prostatic cells. 
Very often a coagulated serum covers the 
slide and hides interesting cellular elements 
which are then difficult to study. There are 
also some blood cells on the preparation. 
For the cytologist, it is important to exam- 
ine the type and number of white blood 
cells on a smear. Several times we have had 
the opportunity to make a diagnosis of pros- 
tatitis and, once, of tuberculosis of the 
prostate. 

Cancer cytology. Cancer cells very often 
occur in clusters of 20 to 50 cells. The cyto- 
plasm is basophilic and spumous. Big 
clumps of chromatin fill a voluminous nu- 
cleus. The presence of a large nucleus is not 
rare. 

This theoretic and perhaps somewhat 
simplified cytologic description does not in- 
dicate a cytologic diagnosis with certainty. 
This investigative technique takes time and 
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it is only long personal experience, acquired 
and enriched by recognized mistakes, that 
will make a good cytologist. 

An accurate final result of puncture 
biopsy still depends upon the experience 
and care of the cytologist. In our own ex- 
perience, we have learned how important it 
is that the urologist be well trained in mak- 
ing the puncture, and the cytologist in mak- 
ing well fixed and thin smears. ‘Those inter- 
ested in cytodiagnosis must know that a 
good diagnosis can only be the final result 
of a well trained team which has never lost 
interest in this field despite many disappoint- 
ing results at the beginning of training. 


PERSONAL RESULTS 


From July 1953 to June 1955 we exam- 
ined 60 prostatic puncture biopsies. ‘Two 








Fic. 4. a, Puncture biopsy of the prostate. Slide pre- 
pared by classical histologic techniques. Leiomyoma, 
suspicion of sarcomatous evolution. b, Puncture biopsy 
of the prostate. Slide prepared by classical histologic 
techniques. Leiomyoma, Suspicion of sarcomatous evo- 
lution. 


patients who could not be followed up are 
not included in these statistics. 

Positive cytodiagnosis. In 10 cases the cyto- 
logic diagnosis of cancer was made. ‘The 
diagnosis was confirmed in all these cases by 
autopsy or Clinical studies. 

In 1 case a cytologic diagnosis of tuber- 
culosis was made and confirmed. 

Doubtful cytodiagnosis. It is not always pos- 
sible to make a definite diagnosis from a 
smear. These are the cases in which it is i:1- 
portant to repeat the puncture when thee 
is a clinical suspicion of carcinoma of 1':¢ 
prostate. 

In 22 cases no definite cytodiagnc «is 
could be made. The clinical developm: it 
proved that 3 of these patients had cat i- 
noma of the prostate, 9 patients had no s :n 
of a malignant tumor of this gland, and n 
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10 cases no clinical diagnosis of prostatic 
disease has been made up to the present 
time. 

Negative cytodiagnosis. ‘Twenty-five smears 
contained no cells, or just normal elements 
of the prostate gland. ‘These specimens 
came from 13 patients who had no prostatic 
disease, 8 patients who are still under ob- 
servation and for whom no definitive clini- 
cal diagnosis has yet been made, and from 4 
patients who had cancer of the prostate. 

Reviewing our results with the technique 
of diagnosis of prostatic disease by puncture 
biopsy, some conclusions can be drawn. If a 
trained cytologist makes the diagnosis of 
cancer, there are few doubts about the type 
of disease. If the cytodiagnosis remains 
doubtful or negative and if there is the 
slightest clinical suspicion of carcinoma of 
the prostate, one must repeat the puncture 
biopsy several times before excluding the 
possibility of carcinoma. ‘This is mainly true 
in a teaching center in which the urologist 
has to be trained in the technique of punch 
biopsy of this type. 
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THE EFFECTS OF RADIOACTIVE IODINE ON 


MATERNAL AND FETAL THYROID FUNCTION 


DURING PREGNANCY 


KEITH P. RUSSELL, M.D., F.A.C.S., HARVEY ROSE, B.S., and PAUL STARR, M.D., 


Los Angeles, California 


‘THE ISOLATION Of radioactive forms of iodine 
and their widespread use as diagnostic and 
therapeutic modalities have been medical 
advancements of the past decade. This year 
has seen the tenth anniversary of the avail- 
ability for general use of radioactive iodine 
(I'*') from the Oak Ridge atomic pile. With 
the increasing utilization of these products 
have come the attendant problems related 
to the possible harmful effects of radioactiv- 
ity. Concerns over deleterious actions, in- 
sofar as I'*' is concerned, reside in three 
general spheres: (1) the possible later de- 
velopment of thyroid carcinoma subsequent 
to I! therapy for hyperthyroidism; (2) the 
possible genetic effects of administered I'*! 
by reason of radioactive discharges on the 
ovary with its contained developing ova; 
and, (3) the potential harmful effects on the 
fetus when I'*' is utilized in the mother dur- 
ing pregnancy. 

This report is concerned with some as- 
pects of the problem in the latter category. 
GENERAL CONSIDERATIONS 

Radioactive forms of iodine have come to 
be widely used both in diagnosis and in 
treatment of disorders of the thyroid gland. 
In diagnosis I'*! measures the functional ac- 
tivity of the gland itself, by tracing the turn- 
over of iodine. In therapy the isotope is 
utilized to inactivate hyperfunctioning thy- 
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roid cells, and to destroy malignant ones 
which have some secreting activity. 

It has been shown that I'*! transverses the 
placental barrier. This observation is well 
documented in both animals and humans. 
Measurable doses of I'*' can be detected in 
the fetuses of mice, sheep, and bovines, as 
well as humans, after administration of the 
isotope to the maternal organism. Hodges 
and co-workers, in studies on patients under- 
going therapeutic abortion, found that the 
human fetal thyroid has the ability to ac- 
cumulate demonstrable amounts of I'*! by 
the twelfth week of gestation. Chapman and 
associates also showed that the fetal thy- 
roid readily concentrates iodide after the 
third month. 

Of significant importance is the fact that 
the fetal thyroid in most experiments has 
appeared to have a much greater relative 
avidity for the radioactive material than 
does the maternal thyroid. Such fetal avid- 
ity has reached the magnitude of 20 to 50 
times that of the mother’s gland, gram for 
gram, in some species. The possible clinical 
significance of these facts becomes immedi- 
ately apparent. Women given I"! (inac- 
vertently or otherwise) during their pres- 
nancies may suffer radiologically induc:« 
damage to the thyroid glands of their o!! 
spring, with resultant hypothyroidism 
cretinism. For these reasons, the use of | 
as a diagnostic or therapeutic agent duri'g 
pregnancy is generally considered to ¢ 
contraindicated. 

The importance of this problem to ¢ 
newborn becomes especially urgent w! “1 
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TABLE I.—RADIATION DOSAGE RANGES FOR SINGLE DOSES OF ['* 





pa Hypo- 
Pui pose administered thyroid 
Diognosis of thyroid function 1-100 ue. 0-60 

Preoperative autoradiography 100-250 uc. 

Treatment of toxic goiter 1-10 mc. 

Ablation of thyroid function 20-50 mc. 

Tr atment of thyroid cancer 20-200 me. 


Fr rom m Quimby, E. H. The Thyroid; a Fundamental and Clinical Test. 
19 


pc. microcurie. 
me., millicurie, 


___ Approx. aver. reps to thyroid 


Approx. reps 


to whole 
Euthyroid Hyperthyroid body 
2-300 5-500 Less than 1 
50-250 G4 Less than 1 
1000-120,000 1-5 
100, 000-250, 000 10-25 
Individual calculation nec essary 10-100 


Edited by Sidney C. Werner. P. 171. New York: Paul B. Hoeber, Inc., 


TABLE II.—HAZARDS TO PATIENTS RECEIVING DIFFERENT DOSES OF [13 


Purpose of dose 


Diagnosis None 
Treatment for hyperthyroidism 


Hazard 


Possible dry mouth (temporary); possible sore throat (temporary); possible, very tran- 


sient blood changes; possible temporary or permanent hypothyroidism; very slight 
possibility of genetic damage; no loss of hair; no sterility 


Thyroid ablation for cardiac therapy 


Possible dry mouth and sore throat (temporary); possible temporary nausea; possible 


transient blood changes; probable hypothyroidism; slight possibility of genetic 
change; no loss of hair; no sterility. 


Repeated treatments for thyroid cancer f 


Certain hypothyroidism; probable dry mouth; possible nausea at each treatment; tem- 


porary, or possibly permanent, blood changes (must be carefully followed throughout 
therapy); possible hair loss, if metastases in skull (usually temporary); possible tem- 
porary or permanent amenorrhea; possible genetic changes; possible sterility 


*1'51 is not given during pregnancy or lactation because of the possibility that the isotope may be transmitted to the fetus or nursing infant. Any 
dose at all to these is undesirable, unless ne cessary information cannot be obtained otherwise. 
tif ay ancy “ ‘curs after therapy has been instituted, the question of interrupting the pregnancy may be considered. 


From . H. The Thyroid; a Fundamental and Clinical Test. 


1955. 


uimby, F 4 


one considers some of the aspects of con- 
genital hypothyroidism. ‘The somatic effects 
of the latter condition are generally known, 
and may include: enlargement of the thy- 
roid, large tongue, furrowed brow, thick 
skin, puffy eyes, constipation, poor feedings, 
and disturbance in growth. Less well ap- 
preciated is the fact that there frequently 
may be a relatively poor outcome in such 
patients as regards mental development, 
even though they receive what might be 
considered adequate treatment for the dis- 
turbance. ‘Thus, Cooke and Man in an ex- 
tensive study have noted that, although the 
somatic stigmas have often been well con- 
trolled, the prognosis for normal mental de- 
velopment has been poor. In their series 
none of the infants or children suffering 
froin congenital hypothyroidism attained an 
int:llectual development which could be 
considered equal to that expected by study 
of ‘he rest of the family, even though the 
afl! cted individuals in many cases received 
the apy considered adequate in regard to 
bot early institution of treatment and total 
do: ige. Many of their patients had final 
int iligence quotients of less than 80. It is 


Edited by Sidney C. Werner. P. 173. New York: Paul B. Hoeber, Inc., 


suggested that irreversible central nervous 
system injury may be the result of prenatal 
deficiency of thyroid hormone. 

Differences in dosage amounts of I'*! used 
in various conditions should be appreci- 
ated in these problems. Usual doses are 
shown in Table I, together with their total 
body radiation exposure. (For practical pur- 
poses, 1 rep is equivalent to 1 roentgen, i.e., 
1 roentgen equivalent potential). The wide 
variation in the total radioactive element 
utilized will be noted. It seems unlikely that 
the small doses of I'* utilized in the usual 
uptake studies (5 to 15 microcuries) could 
result in damage to the fetal thyroid. The 
current status of the real and potential radi- 
ation effects from different dosages of ['*! 
commonly employed is well summarized in 
Table II, taken from Quimby. It will be 
noted that therapeutic termination of preg- 
nancy may be considered in cases in which 
large doses of I'*' have been utilized during 
pregnancy. 

Many aspects of this discussion are as yet 
theoretic. Although some facts are available, 
certain considerations revolving around the 
maternal and fetal effects of I'*! administra- 





rk 





Fic. 1. Infant V. H. (Case 1) at age 2 months. 


tion are still unknown. We have had the 
opportunity of observing patients who have 
received I'*! during pregnancy, and for the 
purpose of documenting findings in these 
situations present the following case reports 
of 2 patients who have received, for various 
reasons, fairly large doses of I'*! in preg- 
nancy. 


REPORT OF CASES 

Case 1. The patient was a 33 year old primigravida 
who underwent total thyroidectomy in May 1955 for 
papillary carcinoma of the thyroid. Surgery was fol- 
lowed by deep x-ray therapy to the neck. Because of 
evidence of recurrence of the cancer, she was given 
225 millicuries of I! in August 1955. One month 
following this, the patient informed her consultants 
she had had no menstrual periods since her surgery, 
and examination at this time (September) revealed 
findings compatible with a 4 months’ intrauterine 
pregnancy. It was estimated that the patient had re- 
ceived the I'*! therapy at approximately the thirteenth 
week of gestation. Pregnancy progressed uneventfully 
except for constant low grade anemia (hemoglobin 
10.0 gms.) and continued dryness of the mouth. Total 
weight gain amounted to 8 pounds. Protein-bound 
iodine (PBI) at 6 months’ gestation was 2.0 micro- 
grams and at 8 months was 3.8. She went into spon- 
taneous labor at term and was delivered with pro- 
phylactic low forceps after a 6 hour labor. Because of 
her anemia, plus moderate postpartum bleeding, the 
patient was given two 500 cubic centimeter blood 


TABLE III.—PBI READINGS OF INFANT V. H. IN 


CASE 1 
Age P.B.I., mcgms. 
Cord blood at birth 2.6 (maternal 2.0) 
SOARVE.. 6 oss. ‘ bots 3.6 
4 weeks..... shoes Nee | 3 
11 weeks.... 2.0 (thyroid treatment 
started 15 mgms. 
ext. daily) 
4 months .5.8 (on thyroid ext. 
90 mgms. daily) 
6 months 55 ee 





562 Surgery, Gynecology & Obstetrics » May 1957 





transfusions during her hospital course. Matern! 
PBI at delivery was 2.0 micrograms and simultaneo::s 
cord blood (umbilical vein) was 2.6 microgranis 
(Table IIT). 


Infant’s course (Infant V. H.) 


The infant (female) weighed 6 pounds at birth and 
appeared grossly normal except for a large umbilical 
hernia. Length was 19% inches; head, chest, and 
abdomen circumferences were 13, 12%, and 13 inches 
respectively. The baby pursued an essentially normal 
course in the hospital and was discharged home on the 
seventh day of life. Physical appearance was not that 
of a cretin, and there was no detectable thyroid en- 
largement. At 5 days of age PBI was 3.6 micrograms 
and 4 weeks later was 1.7 micrograms. At 2 months 
it was noted that the bridge of the infant’s nose was 
somewhat flatter and the tongue filled the mouth. 
The large umbilical hernia was still present (Fig. 1), 
but other physical findings were within normal limits 
and the baby was gaining weight. I'*! study (uptake 
and scintogram) at this time (2 months) with 2 micro- 
curie dose revealed an uptake by the baby’s thyroid 
of 10 per cent, in the low normal range. PBI at 214 
months of age continued at hypothyroid levels (2.0 
mcegm.). The baby was placed on 15 milligrams 
(gr. 14) of desiccated thyroid, with fairly rapidly in- 
creasing dosage. At 414 months of age the infant was 
receiving 90 milligrams (gr. 114) of thyroid extract 
daily and the PBI had risen to 5.8 micrograms (Table 
III). The umbilical hernia had nearly disappeared. 
Maintenance was continued at the dosage level 
mentioned. 

Case 2. The mother was a 35 year old primigravida 
who had had a total thyroidectomy for papillary car- 
cinoma in August 1954. She became pregnant in May 
1955. Prior to pregnancy she was maintained on 
desiccated thyroid 120 milligrams (gr. 2) daily, with 
a PBI level of 6.0 micrograms. When the patient 
learned she was pregnant she promptly discontinued 
her thyroid medication in an effort to abort herself, 
and within 1 month her PBI dropped to 1.4 -micro- 
grams. The patient then appeared myxedematous 
but did not abort. 

At approximately 3 months’ gestation (13 weeks) 
the patient received 75 millicuries of I'! in divided 
doses for treatment of thyroid metastases. Shorily 
following this she resumed her thyroid medicativn, 
and within 3 weeks the PBI was up to 6.7. The prg- 
nancy progressed uneventfully with normal bl: od 
pressure, urinalyses, and uterine growth. Fetal he :rt 
tones were always good. At 6 months’ gestation he 
PBI was 10.3 on thyroid extract 240 milligr: 
(gr. 4). 

The patient delivered spontaneously at term, a ‘er 
an 8 hour labor. At delivery the maternal blood | BI 
was 9.5 and cord blood (umbilical vein) PBI was ».2 
(Table IV). 
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iufant’s course (Infant B. A.) 


At birth the baby (female) weighed 6 pounds 7 
ounces. Length was 19 inches; head, chest, and abdo- 
nen circumferences were 13%, 12, and 11% inches 
respectively. The infant was grossly normal except 
for slight dryness of the skin, small umbilical hernia 
and sluggishness of appetite. Nothing appeared re- 
markable in the first days of life except “slow eating.” 
At 9 days of age the PBI was 1.4 micrograms. The 
infant was admitted to the hospital at 17 days of age 
(Fig. 2) and started on synthetic 1-thyroxine .025 
milligram. The PBI gradually rose to 5.1 (Table IV). 
‘Thyroxine was increased to .05 milligram and PBI 
went to 6.7, then 5.7 micrograms. At 2 months and 
3 weeks of age the infant developed evidence of a 
respiratory infection, became febrile and expired in 
approximately 48 hours. 

At autopsy there was no demonstrable thyroid tis- 
sue on careful search of the neck region. Microscopic 
examination of all tissue from this area revealed only 
thymus gland. Of interest were findings in the adrenal 
cortex, which exhibited marked cystic changes in the 
cells of the reticular and fascicular zones. Cerebral 
cortex revealed some loss of nerve cells in the super- 
ficial layer, with an indication that the cells seemed to 
be “fading out.” Other organs were within normal 
limits. Anatomic diagnosis was “‘cretinism (treated).” 


DISCUSSION 


These cases indicate that there exists defi- 
nite fetal hazard in the use of large doses of 
I'*! given to the mother during pregnancy. 
This observation is in accord with reports of 
previous investigations carried out in ani- 
mals and humans which have shown that 
fetal thyroid tissue possesses extraordinary 
avidity for the isotope. Such avidity may 
exert damage on the fetal organism as 
evidenced by the findings mentioned. Both 
infants studied had PBI readings far below 
those reported as normal for newborns and 
infants. The response to therapy as shown 
by PBI levels was typical of hypothyroidism, 
and at postmortem study on one infant no 
thyroid tissue could be demonstrated. 

Several theoretic considerations are raised 
by this study. Since these infants were not 
crctins in appearance or findings, it would 
ap ear that they suffered from an acquired 
hy othyroidism from the thirteenth intra- 
ut: rine week. Cretinism may be postulated 
to be a more basic metabolic disturbance 
da ng from conception, rather than one as- 





Fic. 2. Infant B. A. (Case 2) at age 17 days. 


sociated with factors of intrauterine envi- 
ronment. The studies of Cooke and Man 
suggest that even the athyreotic fetus would 
have sufficient concentration of circulating 
thyroid hormone if maternal thyroid func- 
tion were adequate, or if thyroid hormone 
were supplied to the mother prenatally. 
The effect of maternal thyroid hormone, 
either endogenous or exogenous in source, 
on fetal thyroid function is not well known. 
There is no clear-cut relationship as yet 
established between maternal and fetal thy- 
roid disease. ‘That thyroxine transverses the 
placenta in animals has been shown. But 
the role of thyroid hormone in the anaerobic 
metabolism of the fetus, and the relationship 
of triiodo-thyronine in these metabolic ac- 
tivities, can only be conjectured at this point. 
Why these mothers did not abort in the 
presence of low PBI levels during pregnancy 
is also confusing, since it has been shown in 
other studies that failure of the PBI to rise 
in pregnancy is associated with a relatively 
greater incidence of abortion (6, 7). There 
exist findings to indicate that the high PBI 
levels during normal pregnancy are due to 
the presence of specific thyroxine-binding 
protein (TBP) in the blood of pregnant 


TABLE IV.—PBI READINGS OF INFANT B. A. IN 


CASE 2 
Age P.B.I., mcegms. 
Cord blood at birth... .3.2 (maternal 9.5) 
WON vial acme e's ; 1.4 
cic: See ; 1.5 (started on L- 
thyroxine .025 
mgm. daily) 
24 days... 3.0 
6 weeks... 5. 
WE WOUND a eoceceaexss 5.7 (.05 mgm. daily) 


Expired 1 week later. 














women. In athyreotic individuals, which 
these mothers were, this mechanism may be 
altered. Others have reported pregnancies 
occurring in both cretinous and myxedema- 
tous patients and we have encountered oc- 
casional pregnancies in these conditions 
also. 

It would appear that, in efforts to detect 
congenital hypothyroidism as early as pos- 
sible, the determination of PBI in the cord 
blood may be of distinct value. Investigation 
of simultaneous maternal and cord blood 
PBI levels has been carried out in an effort 
to establish normal readings for term in- 
fants. In our studies (5) it has been found 
that newborn cord blood readings at term 
fall at slightly lower levels than simul- 
taneously taken maternal readings. ‘The 
former are generally in the order of 10 to 20 
per cent lower. The mean level of 20 ma- 
ternal PBI readings at term was found to 
be 8.9, and that of the infants’ cord blood 
(including 1 set of twins), concurrently 
taken, was 7.7. It is suggested that this lab- 
oratory test be carried out on all suspect 
cases, such as those in which I'*! iodine may 
have been administered to the mother dur- 
ing pregnancy. 
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SUMMARY 


The increasingly widespread use of ['° 
in diagnosis and therapy of thyroid disturb- 
ances bears important relationships in th« 
field of reproductive physiology and pathol- 
ogy. Among these relationships are th: 
genetic aspects and the effects of I'*' on fetal 
thyroid function. ‘T'wo cases are reported in 
which pregnant women received large doses 
of I'*! at the thirteenth week of gestation. 
Both offspring suffered from congenital hy- 
pothyroidism. The use of cord blood PBI 
determinations in the detection of these dis- 
orders is urged. 
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BLOOD VOLUME CHANGES IN NEUROSURGICAL 


(INTRACRANIAL) OPERATIONS AS DETERMINED 


BY RADIOISOTOPES 


EDMUND A. SMOLIK, M.D., F.A.C.S., FRANCIS P. NASH, M.D., 
RAYMOND O. MUETHER, M.D., and WILFRED KONNEKER, Ph.D., St. Louis, Missouri 


‘THE RECENT DEVELOPMENT Of refined meth- 
ods for blood volume determinations using 
radioactive isotopes suggested that a rein- 
vestigation of the problem of blood loss ex- 
perienced in intracranial surgery would be 
worth while. 

Previous studies of the blood loss in intra- 
cranial operations have been limited to the 
measurement of the gross blood lost during 
the operation itself. The more recent in- 
vestigations by Stanton and associates on 
the problem of blood loss during abdominal 
and thoracic surgical operations have dem- 
onstrated that the “amount of blood re- 
moved from the wound at the time of opera- 
tion may not represent the actual amount of 
blood lost to the circulation.”’ These studies 
have shown that there is a further blood loss 
which occurs following the surgical proce- 
dure. The postoperative blood depletion is 
principally of the cellular elements of the 
blood and is often greater in volume than 
the amount of blood lost during the opera- 
tion itself. 

This secondary loss of blood has been 
generally unappreciated and overlooked be- 
cause of its subtle presence. This continued 
blood depletion usually reaches its maxi- 
mum about the third day following surgery. 

Since no such observations of the “‘total”’ 
blood loss in neurosurgical procedures ap- 
peared available, we wish to report our 
stidies in which radioactive isotopes were 
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om the Departments of Neurosurgery and Medicine, St. 
Lo is University School of Medicine, and the Neurosurgical 
Se: ices of the St. Louis City and County Hospitals, St. Louis, 
M  souri. 

\is study was performed under Atomic Energy Commission 


co. tract AT (11-1)-215. 
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used to determine the combined operative 
and postoperative blood loss in a series of 
patients undergoing craniotomy. 


METHODS 


In this study we used radioactive iodi- 
nated human serum albumin to determine 
blood volume. We selected this gamma- 
emitting radioactive substance because it 
offered technical advantages over other 
methods. 

A new well-type scintillation counter was 
constructed and utilized in all these blood 
volume determinations (4). This new in- 
strument has a greater gamma sensitivity 
and an improved geometric design over 
previously used radiation detection instru- 
ments. In addition, this scintillation counter 
allows the accurate determination of the 
radioactive content of sources of vastly dif- 
ferent strengths. 

The actual technique used in determining 
a patient’s blood volume was as follows: 
Five to 10 microcuries of iodinated human 
serum albumin were diluted to 10 cubic 
centimeters with saline and placed in a ster- 
ile vial having a rubber diaphragm. The 
radioactive content of the vial was then 
determined. Next, as much of this 10 cubic 
centimeters as was convenient was with- 
drawn into a sterile syringe and injected into 
an antecubital vein. A like volume of water 
was then drawn into the syringe, and this 
was replaced into the original vial. The 
residual activity remaining in the syringe 
was thus returned into the vial. This volume 
of water also restored the original geometry 
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TABLE I.—BLOOD LOSSES IN 24 INTRACRANIAL 
OPERATIONS AS DETERMINED BY RADIOISO- 
TOPES 

—_ _Blood loss, ¢.¢.— 


Case Age, Total cell 
No. yrs. Sex Lesion Whole blood Plasma volume 
1 68 F Glioma 875 350 525 
2 44 F Pituitary lesion 1188 600 638 
3 59 F Metastatic lesion 495 100 395 
4 28 F Melanoma 2100 1000 1100 
5 63 F Glioma 1625 775 850 
6 55 M Glioma 1495 862 633 
7 41 F Metastatic lesion 270 120 150 
8 33 M Melanoma 1020 502 518 
9 43 F Glioma 2125 1000 1125 
10 28 M Glioma 625 195 430 
11 53 F Metastatic lesion 1960 947 1013 
12 43 F Meningioma 2400 1050 1350 
13. 50 M Metastatic lesion 746 475 271 
14 53 M Glioma 1475 855 620 
15 38 M Glioma 1234 534 700 
16 35 F Meningioma 1320 470 850 
17 53 F Pharyngioma 925 325 600 
18 64 F Glioma 1440 620 820 
19 28 F Astrocytoma 1140 390 750 
20 21 F Neurinoma 1000 235 765 
21 53 M Cholesteatoma 200 62 138 
22 68 F IXN. rhizotomy 309 0 556 
23 52 F Intracerebellar 
hematoma 671 311 360 
24 44 F VN. rhizotomy 284 51 233 


of the source. A second count to determine 
the residual radioactivity of this volume of 
“wash water’ was then taken. The differ- 
ence between the values of the first and sec- 
ond count was the amount of radioactive 
substance given the patient. 

After a delay of 10 minutes to allow for 
thorough mixing of the injected material 
with the circulating blood, a 10 cubic centi- 
meter sample of blood was taken from an 
antecubital vein of the opposite arm and 
heparinized. Exactly 4 cubic centimeters of 
this blood were then carefully pipetted into 
a test tube. The radioactive content of this 
sample was determined. A sample of this 
blood was then centrifuged and exactly 4 
cubic centimeters of the supernatant plasma 
were Carefully pipetted into a test tube. The 
radioactive content of the plasma sample 
was determined. 

From these values the whole blood vol- 
ume and the plasma volume are directly 
measured. If ‘“‘A’’ represents the amount of 
radioactive material injected and ‘‘a” the 
amount of radioactive material detected in 
the 4 cubic centimeter sample of whole 
blood (or plasma) and ‘“‘V” represents the 


whole blood volume (or plasma volume) 
then 


V A Callibration constant for the radiation 
i. detection instrument employed 


This technique allows the direct measure- 
ment of both the whole blood and plasma 
volumes. Since the whole blood volume is 
the sum of the plasma and cell volumes, the 
total cell volume may be calculated by sub- 
tracting the measured plasma volume from 
the measured whole blood volume. 

Prior to each ‘‘repeat”’ volumetric deter- 
mination a blood sample is taken, and the 
radioactive content of a carefully measured 
volume of this blood is determined. This 
radioactivity is the ‘residual radiation” still 
present from the previous blood volume 
measurement. The repeat blood volume 
determination is then carried out as de- 
scribed. However, in the mathematic calcu- 
lations the ‘‘residual activity” of the blood 
is subtracted from the radioactive content 
of the blood samples. 

By using this technique and dosage, blood 
volume studies may be repeated. 

Our studies have shown: that with these 
procedures the blood volume determina- 
tions are reproducible in control subjects 
within less than a 3 per cent variation (5). 


MATERIALS 


A series of 24 patients undergoing intra- 
cranial operations were studied. In each case 
the patient’s blood volume, plasma, and cell 
volumes were determined on the day pre- 
ceding surgery. In some cases these volu- 
metric studies were repeated immediately 
following surgery and then daily in the pos'- 
operative period. 

In other cases a single repeat postoper: - 
tive blood volume determination was doi 
on the third postoperative day. This partici'- 
lar interval was selected since our observ. - 
tions and previous studies in other surgic :! 
patients had shown that the maximal blo: | 
loss was reached at about this time. 

All determinations were done while t' ¢ 
patient was at a “‘basal level” that is, t 
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patient was at rest and was without an 
intravenous infusion for at least 4 hours. The 
amount of whole blood transfusion, if any, 
given each patient was recorded and used in 
the calculations of the patient’s blood loss. 

In this group of patients, no hypotensive 
or hypothermic adjuncts were used in the 
course of the operative procedure or in the 
postoperative period. 


RESULTS 


Table I shows the blood loss in individual 
cases in this series of 24 intracranial opera- 
tions. These figures are the difference be- 
tween the preoperative and third day post- 
operative volumetric determinations. 

The individual whole blood loss varied 
from a minimum of 200 to a maximum of 
2,400 cubic centimeters. The average com- 
bined operative and postoperative whole 
blood loss was 1,122 cubic centimeters. 

The individual total cell volume varied in 
this series from a minimum of 138 to a maxi- 
mum of 1,350 cubic centimeters. The aver- 
age total cell volume loss per patient was 
640 cubic centimeters. 


DISCUSSION 


In 20 cases the total cell volume loss was 
in excess of that anticipated on the basis 
of the whole blood loss. As an example, in 
Case 4, the anticipated cell volume loss 
(based on the preoperative hematocrit and 
the measured whole blood loss) was 861 
cubic centimeters (i.e., 41 per cent of 2,100 
cubic centimeters). The actual measured 
cell volume loss was found to be 1,100 cubic 
centimeters. 

In this series of patients, the average 
whole blood volume loss per patient was 
1,122 cubic centimeters. The cell volume 
loss per patient averaged 640 cubic centi- 
me‘ers. Based on average hematocrit values 
(45 volume per cent) this volume of cell 
los would represent a cell volume supplied 
by 1,422 cubic centimeters of whole blood, 
coi siderably greater than the average meas- 
ure: 1 whole blood volume loss of 1,122 cubic 
cer timeters. 
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Fic. 1. The preoperative and daily postoperative hemat- 
ocrit determinations in 12 patients. In each instance the 
hematocrit on the third postoperative day is lower than 
the hematocrit values of the first postoperative day. 


In 20 of these 24 patients the hemoglobin 
and hematocrit values dropped in the first 
few days following surgery. Several exam- 
ples of postoperative drops in the hematocrit 
values are shown in Figure 1. 

These lower hematocrit determinations 
offer a simple index of progressive blood 
cell loss. Previous studies have indicated 
that a hematocrit drop of 5 millimeters or 
more indicated an uncompensated blood 
loss in excess of 500 cubic centimeters. 

Figures 2 and 3 represent the blood loss 
in individual cases. The changes in the 
peripheral hematocrit are also recorded. 

In those cases in which daily volumetric 
determinations were done the whole blood 
volume sometimes showed minimal changes 
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Fic. 2. The preoperative and postoperative volumetric determinations in Case 21. Note the loss 
of cell volume in the early postoperative period. Also observe the corresponding plasma volume 
expansion which partially ‘“‘compensates” for the resulting depletion in whole blood volume. 


in the postoperative period. In these cases 
(Figs. 2 and 3), however, there was often a 
depletion of the total cell volume and some 
actual increase in the plasma volume (Fig. 
3). 

During the postoperative period the pa- 
tients daily received calculated balanced 
amounts of parenteral glucose and elec- 
trolytes. 

In no instance was there any evidence of 
hemorrhage, collection of fluid under the 
flap, or wound drainage. All wounds healed 
per primam. ‘ 


These studies do not indicate the mechia- 
nism of this postoperative blood cell loss. 
Stanton, Lyon, Fox, and Prentice have «le- 
scribed similar postoperative blood cell |: ss 
in surgical patients. Stanton and associa ‘es 
presented some evidence that the pcst- 
operative drops in cell volume could not be 
adequately explained by compensatory p! :s- 
ma dilution, decreased blood formation. or 
changes in the mean corpuscular volum: of 
red cells. These previous reports sugges ed 
that this continued loss may be due to 
leakage of blood into tissue about the 0} “'T- 
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Fic. 3. The daily volumetric studies in Case 22. The postoperative cell volume loss is associated 
with an expanding plasma volume. These mechanisms combine to produce an anemia as indicated 


by lowered hematocrit values. 


alive site or to the ‘“‘trapping” of blood 
proximal to surgically occluded vessels. 
Some cellular loss could result from ‘‘se- 
questration” of blood within the intravas- 
cular space or possibly secondary to reflex 
v.isodilatation producing blood pooling. 
The cases reported here indicate that the 
“total” surgical blood loss is in part the 
blood lost at operation and in part the sub- 
scquent loss during physiologic adjustment 
tc the procedure itself. This secondary loss 
is chiefly of the cellular elements of the 
b!ood. This cellular depletion is usually 





insidious with most of the clinical signs of 
hemorrhage absent. Of importance, how- 
ever, is that in many of these patients 
clinical improvement followed replacement 
transfusions of whole blood. 


SUMMARY 


1. The blood loss as determined by radio- 
active isotopes in a series of 24 intracranial 
operations is reported. 

2. The finding of major significance is the 
fact that the preoperative and daily post- 
operative blood volume determinations in- 


570 Surgery, Gynecology ¢ Obstetrics - 


dicate that there is a further insidious blood 
loss which occurs following the surgical op- 
eration itself. In some cases, this loss may be 
greater in volume than the amount of blood 
removed from the wound at operation. 

3. This postoperative blood loss is chiefly 
of the cellular elements of the blood. 

4. In 83 per cent of these patients there 
was a greater loss of total cell volume than 
would be anticipated on the basis of the 
measured whole blood volume loss. 
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EVALUATION OF THROMBENDARTERECTOMY FOR 


ARTERIOSCLEROSIS OBLITERANS OF 


THE FEMORAL ARTERY 


RICHARD WARREN, M.D., F.A.C.S., Boston 


A PREVIOUS REPORT (2) related that, although 
most of the patients who had received graft- 
ing for arteriosclerosis obliterans of the fem- 
oral artery were able to leave the hospital 
with a successful result, about 70 per cent 
suffered closure of the graft at a later date. 

Although the reason for the late closures 
was not clear, speculation has centered 
around two possibilities, thrombogenic influ- 
ences in the graft wall, and progression of the 
underlying arteriosclerosis. Some evidence 
has been adduced tosupport each alternative. 

In order to vary the element of graft wall 
reaction it was thought wise to search for a 
method of arterial reconstruction different 
from that of venous and arterial grafts pre- 
viously used. Since fabric replacements of ar- 
terial segments of the smaller vessels were 
then not considered to have reached the state 
of perfection that it was hoped some day they 
would, we turned to a revival of thrombend- 
arterectomy using the method of stripping of 
the core as described by Cannon and Barker. 
The present report describes the experience 
with that operation at the Peter Bent Brig- 
ham and the West Roxbury Veterans Ad- 
ministration Hospitals. 

[t is now only 1 year since the first patient 
in the current report was treated by that 
method, but enough experience has been 
gained with the operation to comment on 
certain points of indications and technique. 


RESULTS 
he results in 19 patients receiving throm- 


be: darterectomy of the femoral artery be- 


_F\ om the Department of Surgery, Peter Bent Brigham Hos- 
pita’ Boston, and the Veterans Administration Hospital, West 
Rox ury, Massachusetts. 


, Massachusetts 


tween October 1, 1955 and September 30, 
1956 are given in the following paragraphs. 
These represent about two-thirds of the pa- 
tients receiving reconstructive surgery of the 
femoral artery in our hospitals during that 
period, the other one-third being either op- 
erated upon by grafting techniques or being 
considered unsuitable for analysis because of 
faulty records. Patientsin whom iliac or aortic 
reconstructions were performed are not in- 
cluded. 

Deaths. There were no deaths. If to these 
19 patients were added 57 other patients 
operated upon since the procedure of fem- 
oral artery reconstruction has been under- 
taken on our service, a record of 76 opera- 
tions without a postoperative death (death 
on the same hospital admission) has been ex- 
perienced. Even though some of the opera- 
tions are time-consuming and the incisions 
long, the depth of anesthesia need not be 
great and complications are few. It is the 
author’s impression, not susceptible of statis- 
tical proof, that the operation carries less 
hazard for the arteriosclerotic than does a 
lumbar sympathectomy. 

Operations not completed because of technical 
difficulties. Of these, there were 3. In 1 of the 
instances the technical problem was due to an 
error on the part of the surgeon in that he 
persisted in trying to strip a very adherent 
segment 25 centimeters in length by using 
only 2 arterial incisions. Excessive pressure 
was used and the artery was perforated in the 
region of the adductor magnus muscle. A by- 
pass arterial homograft was then sutured in 
place, and a good result with return of pulses 
was obtained. In the other 2 instances the 
technical failure was due to an excessive 
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Fic. 1. A patent femoral artery 4 months after throm- 
bendarterectomy. Microscopic appearance showing: Q, 
the new fibrous media; R, the external elastic lamina; S, 
the perivascular fibrosis; and 7, limited ossification in 
the wound scar. 


amount of calcium in the wall of the artery. 
We have found that the greater the amount 
of calcium, the greater the penetration of the 
arteriosclerotic process into the depths of the 
media of the arterial wall. When the calcium 
is large in amount, furthermore, it splints the 
remaining muscle of the arterial wall which 
then becomes atrophied and extremely thin. 
In the 2 instances mentioned, opposite legs in 
the same patient, no proper layer could be 
left after stripping. In one of them a by-pass 
graft was successfully placed with restoration 
of pulses. In the other a by-pass graft was at- 
tempted and was technically unsuccessful, 
but the circulation to the limb suffered no 
deterioration. 

Operations completed but the segment closed 
within 24 hours. There were 4 patients in this 
category. In each case the failure was due to 
one of the two following causes, a technical 
error or an inadequate popliteal artery (no 
“‘run-off’’). 





In the 2 instances of technical error the 
fault was thought to be either an excessive 
narrowing of one of the arteriotomy wound 
closures or improper management of the 
heparin; it was not sure which. Both were in 
individuals whose only complaint was intcr- 
mittent claudication. Neither leg was worse 
following the closure. No further reconstruc- 
tion was therefore attempted. 

In 2 patients, failure resulted because of 
the poor condition of the popliteal artery. In 
one, no main artery was visualized in the 
popliteal area nor at the popliteal bifurca- 
tion. Arteriography had shown multiple 
blocks of varying length in the calf arteries. 
In the other patient, the popliteal artery was 
stated to be open, but there were multiple 
partial obstructions in it. In both instances, 
the popliteal artery was of such poor quality 
that the patients would have been rejected as 
candidates for reconstruction by the previous 
grafting technique. We have had no patient 
other than these 2 with an inadequately vis- 
ualized popliteal artery upon whom the op- 
eration has been attempted. Our experience 
with them has not prompted us to expand it 
as Cannon and Barker did in their series. In 
both instances the limbs were finally ampu- 
tated. We believe, however, that it is the 
popliteal artery alone which is most impor- 
tant in establishing adequate ‘‘run-off.’’ Ob- 
struction to several calf arteries below the 
popliteal bifurcation is not a contraindica- 
tion to a successful reconstruction provided 
the popliteal artery to and including its bifur- 
cation is intact. In summarizing the early re- 
sults, 12 of 14 (85.6 per cent) patients who 
had adequate “run-off” and in whom the op- 
eration was technically possible were “early 
successes.” 

Fate of the 12 early successes. One patient d ed 
of a myocardial infarct 4 months after svr- 
gery. He had been completely relieved of 11s 
symptoms of intermittent claudication in ‘he 
interval. Autopsy showed the segment to be 
patent though tortuous and of varying ¢.\li- 
ber throughout the area (Fig. 1). 

In 2 instances the reconstructed ai as 
closed at later dates, representing postop: 
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Fic. 2. Operative position and skin incisions. A, Position for a block the upper end of which is 
above the middle of Hunter’s canal. B, Position for a block the upper end of which is below the 
middle of Hunter’s canal. C, Various skin incisions. Location depends on location of block. 


tive intervals of 2 months and 6 months re- 
spectively. The closures were in opposite legs 
of the same individual, and the patient suf- 
fered bilateral above-knee amputations. In 
one of the limbs pathologic study showed 
that no possibility of further reconstruction 
was present following closure. In the other 
the condition of the popliteal artery showed 
that a by-pass graft could have been placed. 
Through an oversight, however, no arterio- 
gram was done following closure nor was the 
possibility of graft considered. 

‘The reasons for closure in this patient were 
not clear. On one side the closure was con- 
fined to the reconstructed segment. On the 
oth:r the reconstructed segment was open 
for most of its length, but there was fresh clot 
at the lower arteriotomy site. ‘The study of 
the pathologic sections of the occluded 
thr mbendarterectomized segment showed 
no excessive degree of arteriosclerosis, al- 
tho igh marked fibrosis was present. In both 
ext’ emities excellent popliteal and calf ar- 


teries below the area had been shown to be 
present by arteriography. 

The 9 patients, whose reconstructions have 
remained open for 14, 12, 12, 12, 12,10, 10, 9, 
and 6 months, respectively, have had com- 
plete relief of symptoms even as do patients 
with by-pass grafts. ‘There seems to be little 
difference in the appearance of the extremi- 
ties operated upon by the 2 methods. There is 
a tendency toward edema in the early post- 
operative period as there is in the patients re- 
ceiving grafts. No patient has been suspected 
of developing postoperative venous throm- 
bosis although 1 had suffered thrombosis 
prior to the thrombendarterectomy. Four of 
the 9 patients had ischemic ulcers on the foot 
preoperatively, and 1 of the patients had 
severe ischemia of the whole foot. All lesions 
have healed following surgery. 


TECHNIQUE 


Position. A choice is made between 2 possi- 
ble operative positions. If the block starts 
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Fic. 3. Management of the upper arteriotomy. A, Incision. B, Preliminary dissection of core. C 


> 


Division of core. D, Upper intima trimmed. E, Insertion of stripper. F, ‘Two types of strippers. 


near the origin of the deep femoral artery 
and extends to or below the femoral condyle 
the patient must be operated upon in a posi- 
tion which allows approach to both the front 
and back of the lower extremity. For this we 
have used a method which permits partial 
rotation of the patient’s pelvis (Fig. 2A). If 
the lower end of the block is above the fem- 
oral condyles the same position is used but 
the lowermost incision can be made just 
above the femoral condyles on the medial 
surface of the thigh. Under these circum- 
stances, preparing for a possible posterior 
popliteal incision does no harm and gives 
considerable freedom in case the operative 
findings indicate a more extensive procedure. 
If the upper end of the block starts at or be- 
low the middle of Hunter’s canal the patient 
may be operated upon lying in the semi- 
prone position with the affected leg infe- 
riorly, the opposite leg being flexed at the hip 


and out of the way (Fig. 2B). ‘This position 
affords approach to the medial thigh and 
popliteal space without rotation of the 
patient. 

Skin incisions (Fig. 2C). In instances in 
which the arterial core can be removed 
through 2 incisions, only 2 skin incisions need 
be made. If another incision is necessary in 
the artery midway between the initial two, 
a long skin incision over the whole course of 
the artery may be wise. 

Incisions in the artery. One artery was opcr- 
ated upon through 1 long incision, |1 
through 2 short incisions, 2 through 3 short 
incisions, and 5 through 4 short incisiov:s. 
The number of incisions is in proportion to 
the difficulty of stripping which varies from 
case to case. It is our opinion that it is bet er 
to make several incisions in the artery th: in 
to strip with excessive force. The methoc of 
making the incision is shown in Figure 3 
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Fic. 5. 


Fic. 4. Management of the lower arteriotomy. A, Stripping has been completed. B, Core is 
divided and removed. C, Retained intima is fixed in place. 

Fic. 5. Closure of arteriotomies. A, Stent prevents constriction. B, Closed upper arteriotomy. C and 
D, Closure of lower arteriotomy. Note that continuous suture is often used instead of interrupted. 
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a b 


Fic. 6. Preoperative and postoperative femoral arterio- 
grams. a, Preoperative. Block from level of deep femoral 
to adductor magnus muscle. b, Postoperative. Femoral 
artery open but few, if any, branches seen. 


In 1 patient thrombendarterectomy was 
attempted through transverse incisions in 
the artery, in the hope that the closure of 
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such incisions would result in less constric- 
tion than that caused by closure of longitudi- 
nal arteriotomies and that the lower intima 
could be included in the suture, thus fixing it 
readily. In our hands these advantages of the 
transverse incision were outweighed by its 
disadvantages, the chief one of which was 
the difficulty of manipulating the stripper 
through the incision. Furthermore, a trans- 
verse incision made at the end of a recon- 
structed segment commits one to stopping 
the thrombendarterectomy at exactly that 
point. The point at which to stop cannot be 
told (within a centimeter or so) until after 
the artery is open. 

A debatable point is that of whether the 
upper or the lower incision should be made 
first. Our preference is for making the upper 
incision first.. If other arterial incisions are 
necessary between this area and the lower 
end of the block the upper arterial incision 
can be closed and the artery allowed to pul- 
sate down to the arterial clamp which will 
be placed just above the next arteriotomy in- 
cision. If open collaterals are present in the 
segment below the original upper clamp, 
they can be liberated to carry blood to the 
lower leg while the further stripping is in 
progress. 

Management of the intima of the remaining 
artery (Fig. 4). There is no need to fear dissec- 
tion of blood between the diseased and nor- 
mal walls of the remaining artery at the up- 
per arteriotomy incision unless it has been 
made over a major branch, such as the pro- 
funda femoris, the integrity of which it is 
important to preserve. In 4 instances we have 
sutured the cut edge of the intima of the pro- 
funda femoris to the side of the artery in orcer 
to prevent dissection at this point. At the 
lower arteriotomy incision, however, it is l- 
ways important to avoid dissection which 
was done in 8 instances by suturing inti! 1a 
to the arterial wall. In 6 instances a plice 
where the intima was quite adherent ad 
showed no tendency toward dissection v as 
found at which the thrombendarterecto .y 
could be stopped and no suture of the inti: 1a 
was necessary. The technique of closing he 
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longitudinal arteriotomy incisions over a 
catheter in order to preserve the caliber of 
the lumen, as recommended by Cannon 
and Barker, was found to. be a great aid in 
avoiding constriction (Fig. 5). 

The use of heparin. Heparin was used intra- 
venously at the beginning of the dissection of 
the artery, and the patient was kept fully hep- 
arinized until the maximum postoperative 
improvement of pulses was established (a 
period of a few hours to a few days). Heparin 
was used in doses of about 10 milligrams an 
hour intravenously during the operation and 
40 or 50 milligrams every 4 hours intramus- 
cularly postoperatively. The intraoperative 
heparin was not always given in 10 milli- 
gram doses, but occasionally as 40 milligrams 
at the beginning of operation, this dosage to 
be repeated 3 or 4 hours later. Heparin was 
not used in irrigating fluids nor in the local 
arterial segments. 

No complications from the use of heparin 
were observed in this group. The wounds 
were always drained for 24 hours. ‘There was 
frequently considerable bleeding into the 
dressing during this period. 

Fate of the branches of the femoral artery. Ar- 
teriograms after operation have been made 
in 9 patients. 

Considerable irregularity of the channels 
is usually seen. Some generalized dilatation 
was occasionally observed but no aneurysm 
formation. 

‘The opening of the branches of the stripped 
segment has not been observed in the arteri- 
ograms (Fig. 6). Furthermore, there has been 
a question as to whether some of the major 
collaterals which were present before opera- 
tion were not either put out of action or at 
least not used following the procedure (Fig. 
7). [t was of some concern that the 2 limbs in 
which the thrombendarterectomies later 
closed have had to be amputated. 

Comparison with by-pass reconstruction. ‘The 
pri:.cipal advantage of femoral thrombend- 
arterectomy over by-pass procedures is that 
it d\minishes the need for a large supply of 
art: rial replacements. In view of the fact 
tha technical difficulties may occasionally 
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a b 
Fic. 7. Preoperative and postoperative femoral arterio- 
grams. a, Preoperative. Block from level of deep femoral 
to femoral condyles. Large collateral seen. b, Postopera- 
tive. Femoral artery open but collateral is closed or 
shrunken. 


make thrombendarterectomy impossible, 
however, the procedure should not be under- 
taken unless another type of replacement 
is available. In 4 of 19 patients, placement 
of a graft was necessary for this reason. 
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An important unappraised consideration 
of thrombendarterectomy is the matter of 
long term patency of the segments. Our ex- 
perience with the operation has not been of 
sufficient duration to answer this question. 

Thrombendarterectomy of the femoral 
artery requires longer incisions in the skin 
and a more meticulous operative technique 
than does a by-pass graft. It requires heparin, 
intraoperatively and postoperatively. We 
have not been impressed with its advantage 
from the point of view of opening of arterial 
branches. Thrombendarterectomy can be 
used, as it was in 1 patient here, to recon- 
struct a segment in which a by-pass graft 
has failed either early or late. It is a good 
operation for use on short segments of oc- 
cluded femoral artery. It is possible to use 
on long segments, but under these circum- 
stances it is associated with considerably 
more dissection than is the operation of re- 
construction by by-pass graft. 


SUMMARY AND CONCLUSIONS 


Experiences with femoral thrombendar- 
terectomy by stripping after the manner of 
Cannon and Barker in 19 extremities are 


reported. Of 14 patients in whom the tech- 
nique could be successfully completed an«| 
conditions were favorable for patency, 12, or 
85.6 per cent, left the hospital with open seg- 
ments. In 2 of them the reconstructed areas 
closed at later dates (2 months and 6 months) 
making a 31 per cent total closure rate, but 
only a 16.6 per cent “later closure rate” in 
those patients who left the hospital with open 
segments. These latter figures must be con- 
sidered, because of the varying and short 
follow-up, to be of the most temporary nature. 

The technical aspects of the procedure are 
discussed. 

Femoral thrombendarterectomy is tech- 
nically best suited to short blocks without 
heavy calcification and under such circum- 
stances may be considered as an alternate 
method to reconstruction by the by-pass 
technique. 
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TOTAL REPLACEMENT OF THE 


KNEE JOINT BY A PROSTHESIS 


W. RUSSELL MacAUSLAND, M.D., Boston, Massachusetts 


MOBILIZATION OF THE ANKYLOSED KNEE JOINT 
by fascial-flap arthroplasty, which is the gen- 
erally accepted method of treatment, has 
not proved to be a consistently satisfactory 
procedure. Results have been particularly 
disappointing in patients with ankylosis of 
the knees due to generalized arthritis, even 
though the same criteria were not used in 
judging the outcome as in patients with con- 
ditions more favorable to arthroplasty. 

A new approach to the problem of mobil- 
ization of joints developed with the advent 
of articular replacement by a prosthesis. As 
yet, this procedure has been undertaken at 
the knee in only a small number of cases. 
Most attempts have been at partial replace- 
ment; few surgeons have ventured to replace 
the entire knee joint. 

The same measure of success is not ex- 
pected from a mobilizing operation of the 
knee in a patient severely disabled from poly- 
arthritis as in one with monoarticular in- 
volvement. From the standpoint of loco- 
motion, the result will naturally depend 
upon whether other joints are impaired. If 
a patient with generalized arthritis involving 
both knees recovers a painless, stable joint 
with sufficient flexion to permit him to sit 
comfortably and to stand and take a few 
steps, rather than to remain a total invalid, 
a mobilizing operation will have been worth 
while. 

CASE REPORT 
1. Y., a 45 year old woman, had a history of poly- 
ar'hritis of many years’ duration. The symptoms had 
progressed, despite various methods of treatment, un- 
til he was completely disabled. In the upper extrem- 
Its, the shoulders, elbows, wrists, and finger joints 
we e stiff and painful; in the lower extremities, the 
hij s, knees, and ankles were affected, and there was 
a ( -op-foot on the right side. The hip joints still had 
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a fair range of motion. For 2 years, the patient had 
been a helpless invalid, unable to feed herself or touch 
her face, dependent upon a nurse to lift her in and out 
of bed, and prevented from sitting in a chair with any 
comfort at all. The general condition of the patient, 
despite the prolonged invalidism, was surprisingly 
good. The musculature was poor. 

The immediate problem in the rehabilitation of this 
patient was the mobilization of one elbow joint. Both 
elbows were stiff at a right angle, permitting no motion 
upward and only approximately 15 degrees of motion 
downward. A replacement operation was performed 
upon the right elbow on December 4, 1953. Nearly 
1 year later, at the patient’s request, the left elbow 
was mobilized by the same procedure (3). 

Mobilization of the right knee joint was next con- 
sidered. Both knees were stiff in flexion deformity of 
approximately 50 degrees (Figs. 1 and 2). Since a fair 
range of motion existed at the hips, particularly on 
the right side, the patient would be able to sit with 
more comfort and stand on the right leg if the knee 
joint could be mobilized. 

On January 6, 1956, the entire right knee joint was 
replaced by a prosthesis. The patient made an excel- 
lent recovery, experiencing remarkably little pain. 
Within 10 days, she had voluntary motion in the joint, 
and 3 weeks after the operation the knee flexed easily 
to a right angle over the edge of the bed. When the 
patient was reclining the leg was in perfect extension. 


The results of the replacement operations 
were assessed from a recent examination. 
The time-lapse from the operative restitution 
of the right elbow is nearly 3 years; of the 
left elbow, exactly 2 years; and of the right 
knee, approximately 11 months. No pain is 
experienced in any of the restored joints. 
There is a sufficient range of motion at the 
elbows to permit the patient to feed herself. 

A roentgenogram of the right knee taken 
10 months after operative replacement is 
seen in Figure 3. The patient can easily flex 
the joint to 80 degrees from the extended 
position and voluntarily extend the leg again 
to 180 degrees (Fig. 4). She is more com- 
fortable in the sitting position, and can stand 











on the extremity with complete stability of 
the joint, but the drop-foot prevents the heel 
from touching the floor. Walking is impos- 
sible because of the Achilles tendon contrac- 
ture and the stiff knee on the opposite side. 

The patient is extremely pleased with the 
result of the mobilizing operations. Depend- 
ent upon others, as she was for years, it 
gives her the greatest satisfaction to be able 
to help herself, even to this limited degree. 
It is her feeling that she would be able to 
walk, if the left knee had motion and the 
Achilles tendon contracture were corrected. 


DESCRIPTION OF PROSTHESIS 


The dimensions for the prosthesis (Fig. 5) 
were based upon those of an adult knee joint 
of average size, the model being made slight- 
ly smaller. The prosthesis was made entirely 
of vitallium. Two parts, a femoral and a 
tibial component, lock together by means 
of a rod and bolt to form a hinge-joint. This 
joint, which is mechanically stable antero- 
posteriorly and laterally, limits extension to 
180 degrees and permits flexion to 10 degrees 
beyond the right angle. Each part is equipped 
with a stem for insertion into the medul- 
lary cavity. In addition, provision is made 
to ensure stability by means of flanges, which 
are perforated to allow for new bone growth, 
and by means of teeth, which lie on the pos- 
terior sides of the components and bite firmly 
into the cortical shell. 
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Fic. 2. 


Fic. 1. Destructive ankylosing arthritis of the knees. 
a, Right knee. b, Left knee. 

Fic. 2. Photograph showing knees ankylosed in the 
position of 50 degrees of flexion. There is a drop-foot on 
the right side. 


OPERATIVE TECHNIQUE AND AFTER-CARE 

Prior to the operation, the patient should 
be instructed in contraction exercise of the 
extensor muscle. 

The extremity from the ankle to the groin 
is prepared. An Esmarch bandage is used 
as a tourniquet. 

A longitudinal incision is made slightly 
to the medial side of the midline of the ex- 
tremity, starting approximately 5 inches 
above the patella, passing just slightly to the 
inner margin of the patella, and terminating 
well below the tibial tubercle. The skin flaps 
are reflected to their respective sides. In the 
case described, the patella, which was anky- 
losed to the femur, was shelled out with care 
to preserve the continuity of the patellar 
tendon. In the absence of patellofemoral 
ankylosis, the patella could be retained, as 
the prosthesis is provided with a surface to 
receive it. 

A 2 inch incision is made in the quadrice})s 
tendon, following the line of the skin incision, 
in order to obtain better exposure of the low - 
er end of the femur. The patellar tendon 's 
retracted to the outer side without distur! - 
ing its continuity. The capsule is incisec , 
and both flaps are reflected to expose th: 
upper tibial surface and the lower femor. | 
extremity for a distance of approximate 
5 inches. Blunt dissection is used as much $s 
possible in this process to preserve the pc - 
iosteal structure intact. 






























Pic. 3. 


Fic. 3. Lateral roentgenogram taken 10 months af- 
ter total replacement of the knee joint, showing the 
prosthesis in place. 

Fic. 4. Photographs taken 10 months after total re- 
placement of the knee joint. a, Voluntary flexion to 80 
degrees. b, Voluntary extension to 180 degrees. 


After blunt dissectors have been intro- 
duced to protect the popliteal region, a tran- 
section of the femur is made with a saw ap- 
proximately 3 inches above the joint line. 
One-half inch of bone is removed from the 
tibial surface. All spicules of bone are excised. 
The joint is now flexed. 

The femoral section of the prosthesis is 
inserted by driving its stem and flanges into 
the medullary cavity and its teeth into the 
cortical bone. The tibial component is then 
introduced. The two parts of the prosthesis 
cre fitted together, and the rod is inserted 
«nd fixed tightly with the bolts. ‘The wound 
i closed in layers. A voluminous dressing is 
‘ pplied with slight compression. 

Gentle contraction exercises of the quad- 
1: ceps are begun on the third day after the 
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operation. Within a few days, when the 
stitches have been removed, the joint is care- 
fully flexed. Gradual progress is made, under 
the supervision of a physiotherapist, in de- 
veloping the power of the extensor muscle 
by exercises and in active movement of the 
new joint. 


DISCUSSION 


Mobilization of an ankylosed knee joint 
is a far more exacting problem than the res- 
toration of motion in other joints. To be 
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Fic. 5. Total knee prosthesis. a, Anteroposterior 
view. b, Lateral view. 


successful the mobilizing operation must ful- 
fill two requirements: (1) the newly created 
joint must be stable; and (2) a functional 
degree of painless motion must be regained. 
Stability is indispensable for the utilization 
of the joint, for only a stable knee has satis- 
factory weight-bearing capacity. 

From studies made in recent years of the 
results of fascial-flap arthroplasties of the 
knee, it is clear that the operation often fails 
to meet the requirements of mobilization of 
this joint. The procedure has been least suc- 
cessful when the ankylosed knee was incident 
to a generalized arthritis, in which compli- 
cating disease militates against this method 
of arthroplasty. 

There are several factors that may account 
for the unfavorable prognosis after fascial- 
flap arthroplasty of the knee. In the first 
place, the joint is a complex structure, de- 
pending to a great extent upon ligamentous 
support for stability. All investigators are 
in accord that the collateral ligaments must 
be respected in the execution of an arthro- 
plasty. Actually, however, these ligaments 


may not even be recognizable because of 


their involvement in scar tissue and, hence, 
they are often of no value. The support fur- 
nished by the cruciate ligaments is always 
lost, since these ligaments must be sacrificed 
in the excision of bone in the arthroplasty. 





Other difficulties of fascial arthroplasty 
of the knee joint are its precise technique 
and the inadequacy of fascia lata as an inter- 
posing substance. A particularly exacting 
technical detail is the reshaping of the ar- 
ticular surfaces to the conformation of the 
normal knee joint, which is recommended 
by many surgeons. Studies of the evolution 
of newly created joints have shown that an 
interposed fascial transplant tends to break 
down under weight-bearing and is no guar- 
antee against recurrence of ankylosis. 

Arthroplasties of the knee in which various 
other substances, both organic and _ inor- 
ganic, were used to hold the articular sur- 
faces apart have produced even more disap- 
pointing results than the fascial-flap method. 

In recent years, the development of new 
plastic products and metals, which are dur- 
able and, in principle, inert in the body, 
gave impetus to further experimentation 
with a foreign substance for interposition. 
Vitallium molds, metal plates, and non- 
metallic substances have been tried. The 
only measure of success in the utilization of 
one of the newer substances was reported 
by Kuhns, Potter, Hormell, and Elliston, 
who interposed nylon membrane in the 


joint. A follow-up examination of 70 arthro- 


plasties of the knee, which had been per- 
formed in patients with chronic arthritis, 
showed that 58 joints were stable and had 
satisfactory function. ‘This membrane seems 
to have been used in only a few isolated cases 
subsequent to the report of Kuhns and asso- 
ciates, quite possibly because of the danger 
of hypersensitiveness to nylon. In my earl 
experience in surgical replacements at the 
hip joint, prostheses made of nylon were 
used. It did not prove to be a satisfactor: 
material. Not only were there manifestation: 
of hypersensitiveness to the nylon in som 

instances, but also the plastic prosthesis 1 

some cases failed to withstand wear an: 
tear when the patient became active. 

It was inevitable that prosthetic replac: - 
ment, which has been so extensively use 
and with considerable success, at the hi > 
joint, would be extended to the ankylose ! 
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knee joint. The first attempt at total replace- 
ment of this joint was reported by Judet and 
associates in 1947. An acrylic prosthesis, 
which consisted of femoral and tibial sec- 
tions, was utilized. Early complications 
forced the removal of the artificial part in 
this case. Majnoni d’Intignano, in 1950, 
also attempted replacement of the knee joint 
by an acrylic prosthesis. It consisted of two 
sections which were attached by pin-fixation. 
Later, d’Intignano followed the same princi- 
ple of replacement in 6 other knee joints— 
in 4 cases for tuberculosis, in 1 case for 
posttraumatic arthritis, and in the sixth case 
for sarcoma. The result is given in only the 
first case in which there had been a post- 
operative time lapse of 1 year. The patient, 
a young girl, had limited mobility of the 
joint, although she was able to dance. It 
was pointed out by d’Intignano that toler- 
ance of the prosthesis had been perfect in 
all his cases. However, in a communication 
to Lacheretz a few years later, he reported 
that fibrous reactions with secondary stiff- 
ness and intolerance had been observed. 
Since d’Intignano’s initial attempt at knee 
replacement, cases have been reported by 
Walldius and by Shiers. Experimental work 
on dogs has also been reported by Moeys. 

Walldius used an acrylic prosthesis com- 
posed of 2 sections, which combine to form 
a hinge-joint, in 4 cases of pronounced poly- 
arthritis. The results were encouraging when 
the patients were examined from 6 months 
to 15 months postoperatively. No patient 
complained of pain, and all had stable knees 
and were able to move about. ‘Three patients 
had a range of flexion from 180 degrees to 
a right angle. 

Shiers has replaced 4 knee joints by pros- 
theses of the hinged type and made of stain- 
le-s steel. The results are given in 2 cases in 
which bilateral osteoarthritis of the knee was 
th indication for the replacement operation. 
Oe reconstruction resulted in failure be- 
case of the formation of new bone. The 
se: ond patient, when examined 1 year after 
th operation, was walking well with a cane 
an | had no complaint of pain. 
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According to Lacheretz, Merle d’ Aubigné 
has also replaced knee joints by prostheses 
consisting of a tibial and a femoral com- 
ponent. It was too early to evaluate the re- 
sults in these cases. 


SUMMARY AND CONCLUSIONS 


Total replacement of an ankylosed knee 
joint by a prosthesis in a patient with mul- 
tiple arthritis is described. This new ap- 
proach to the problem of mobilization of the 
knee has thus far been attempted by only 
a few surgeons. Some of the results have been 
encouraging, and the outcome in the present 
case is promising. 

The uncertainty of the end results of 
fascial-flap arthroplasty of the knee joint, 
which is the generally accepted method, as 
well as the even more disappointing at- 
tempts to use other substances for inter- 
position has been discussed. 

Replacement surgery at the knee joint is 
still at a pioneering stage, and it would be 
presumptuous to evaluate the method at 
this early date. It is possible by prosthetic 
reconstruction to meet the requirements of 
mobilization of the knee joint. Moreover, 
recovery is relatively painless. Whether the 
body will tolerate such a large metallic pros- 
thesis is not known. There is little doubt, 
however, that in this new era of the utiliza- 
tion of foreign substances in the body, in- 
vestigation into this method of mobilizing 
the knee joint will be continued. 
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A TEFLON WEAVE FOR REPLACING TISSUE DEFECTS 


J. HAROLD HARRISON, M.D., Atlanta, Georgia 


IN THE REPAIR Of large hernias and of defects 
resulting from destructive wounds or exten- 
sive cancer surgery, there is often not enough 
adjacent tissue of sufficient strength. Some 
outside support must then be obtained. 
Autogenous tissues such as fascia have been 
used with success but their limitations, par- 
ticularly in replacing large defects, have led 
to the search for a substitute material. 

Tantalum wire gauze has been used for 
some time with satisfactory results. It is, 
however, somewhat rigid and becomes brit- 
tle and fragments after implantation for 
long periods of time. Pain and ulceration of 
the overlying skin have resulted from buck- 
ling or protrusion of portions of the broken 
wire when it was implanted in the sub- 
cutaneous tissue. Synthetic materials such as 
nylon, fortisan, orlon, and ivalon sponge 
have been used experimentally and clinic- 
ally in sterile wounds with good results. In 
the presence of infection, however, they have 
interfered with wound healing, which makes 
them less than desirable. In addition, there is 
evidence that nylon and ivalon sponge lose 
most of their strength after short periods of 
implantation (1, 3). 

The good results in this laboratory with 
teflon! as a vascular prosthesis (2) prompted 
a study of its use for the replacement of tissue 
defects. 


MATERIALS 


Two weaves of teflon, TF-41-30 and TF- 
204, were used. TF-204 is a close weave with 
a thread count of 75 by 70, and an air poros- 
ity? of 14.1 (Fig. 1). TF-41-30 is a porous 
weave with a thread count of 46 by 21 and 
an air porosity of more than 710 (Fig. 1). 


From the Research and Development Service, Fitzsimons 
Army Hospital, Denver, Colorado. 

1Trade name for polytetrafluoroethylene. 

2Air porosity is the number of cubic feet of air that will pass 
through a square foot of fabric in 1 minute at an air pressure of 
0.5 inch of water. 
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This figure approaches that of tantalum wire 
gauze. 

Both of the weaves were boiled for 24 
hours in a concentrated solution of nitric 
acid to remove impurities left in the teflon 
fibers at the time of extrusion. They were 
then rinsed copiously in saline to return the 
hydrogen ion concentration to neutral. Puri- 
fication bleached the fabrics white and 
caused some shrinkage. 

Tantalum wire gauze, with 50 by 50 
wires .003 inch thick per inch, was used as a 
control (Fig. 1). 


METHOD 


Adult mongrel dogs were used. All were 
anesthetized with intravenous sodium pento- 
barbital. Endotracheal tubes were inserted 
and oxygen was given by intermittent posi- 
tive pressure with a pneophore valve. 

Abdominal wall. Five animals were {ol- 
lowed. Longitudinal skin incisions were 
made and 15 by 20 centimeter segments of 
the anterior abdominal wall, including both 
rectus muscles, rectus sheaths, and _peri- 
toneum, were excised. The defects were re- 
paired with teflon TF-41-30, the edges of 
which were folded and sutured with inter- 
rupted teflon sutures. Similar defects were 
created in 3 animals and repaired with tan- 
talum wire mesh, and tantalum sutures were 
used as controls. 

Chest wall. Six animals were followed. !n- 
cisions were made over the left lateral chest, 
and 8 centimeter segments of the sixth, 
seventh, and eighth ribs, including mus: les 
and pleura were excised. These were re- 
placed in 2 by teflon TF-204, and in 4 by 
teflon TF-41-30. The edges were folded as 
in the abdominal defects and sutured w ith 
interrupted silk sutures. 

Diaphragm. Six animals were followed. ‘! he 
left chest was entered through the ninth in- 
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Fic. 1. Photomicrographs of materials used. a, Close weave of teflon TF-204. b, Open weave of 


teflon TF-41-30. c, Tantalum wire gauze. 


terspace. The left leaf of the diaphragm was 
exposed, and 80 per cent of it excised. The 
defects were replaced in 4 by teflon TF-41- 
30, and in 2 by TF-204, and interrupted silk 
sutures were used. 

All animals were given penicillin for 1 
week postoperatively. They were followed 
carefully for evidence of infection and wound 
healing, then sacrificed at intervals up to 8 
months. At the time of sacrifice they were 
checked for function, then the specimens 
were excised and examined grossly and his- 
tologically. 

Infection studies. ‘Twenty-four animals were 
followed. Operative sites were shaved, but 
the procedures were done unsterilely. Longi- 
tudinal incisions were made and 6 by 8 
centimeter segments of the anterior rectus 
sheaths and rectus muscles were excised bi- 
laterally. ‘The defects were replaced with 
grafts of the same size, interrupted sutures 
o! the same material being used. No further 
fcreign material was left in the wounds. 
One cubic centimeter of a dilute solution of 
feces was injected into each side after closure. 

The studies were divided into three groups: 

Group 1—5 animals. The defects of the 
le 't side were replaced by teflon TF-204, and 
o the right by tantalum wire gauze. 





Group 2—8 animals. Defects of the left 
side were repaired with teflon TF-41-30, and 
of the right with tantalum wire gauze. 

Group 3—11 animals. Defects of the right 
side were repaired with teflon TF-204, and 
of the left side with teflon ‘TF-41-30, to com- 
pare the effect of the difference in porosity 
of the two weaves. 

Postoperatively the animals were observed 
for evidence of infection. When this was es- 
tablished, usually by 24 to 48 hours, they 
were given penicillin and streptomycin daily 
until the wounds had healed, or for 3 weeks. 
All abscesses were drained twice weekly, and 
the skin sutures removed. ‘The animals were 
then sacrificed at intervals up to 6 months. 


RESULTS 


Abdominal wall. During the first postopera- 
tive week there was fluid accumulation in 2 
of the 5 wounds repaired with teflon TF-41- 
30, sufficient to require drainage in 1 in- 
stance. This was slightly less than noted in 
the control tantalum wounds. Healing pro- 
gressed at the same rate and support was 
good with both the tantalum and teflon. The 
skin moved freely over both, though slightly 
better over the teflon, and adhesions of 
similar extent were noted between the pros- 


586 Surgery, Gynecology ¢> Obstetrics - May 1957 





Fic. 2. Abdominal prostheses—TF-41-30 and tantalum 
wire gauze—180 days. There was good healing and sup- 
port with both. Note the wrinkling in both, producing 
hard ridges in the tantalum prosthesis (A) but barely 
noticeable in the more pliable teflon (B). 


theses and the intestines. Wrinkling of both 
was present after healing had occurred. This 
wrinkling produced visible and palpable 
ridges through the skin overlying the tan- 
talum prostheses. ‘The teflon prostheses were 
more pliable, and the wrinkles caused mini- 
mal ridges that were barely palpable. ‘There 
was no breaking of the fibers of either type 
of prostheses during the period of observa- 
tion (Fig. 2). 

Chest wall. All of the wounds healed satis- 
factorily. ‘The skin moved freely over the 
outer surface of the healed prostheses, and 
there was minimal adherence of the inner 
surface to the lungs (Fig. 3). Paradoxic mo- 
tion of the grafts was present during the 
first 3 postoperative weeks. This motion dis- 
appeared as the grafts healed and became 


TABLE I.—RESULTS WITH TANTALUM AND TEFLON 
PROSTHESES IN CONTAMINATED WOUNDS 


Failure of 
No. healing 
Material followed No. 
Tantalum wire gauze re 13 0 
Teflon TF-41-3u (open weave). ... : 19 1* 
Teflon TF-204 (close weave)...... . 16 16 





*Failure due to part of sutures becoming untied allowing prosthesis 
to fold on itself. See text. 





more rigid. ‘Fhe close weave TF-204 gave 
more support during the early stages than 
did the open weave TF-41-30. 

Diaphragm. Fluoroscopic and x-ray exami- 
nation prior to sacrifice revealed good mo- 
tion of the repaired diaphragm with no ele- 
vation compared to the other side (Fig. 4). 
Direct inspection verified the good support. 
The teflon became adherent to the abdomi- 
nal viscera below and the lung above. Heal- 
ing was complete in all the TF-41-30 pros- 
theses. There was granulation tissue on the 
under surface of 1 of the close weave TF-204, 
indicating that infection had occurred and 
had not resolved. 

The edges of the teflon TF-41-30 weave 
raveled when sutures were placed; particu- 
larly when under tension and in the chest 
wall defects. It was noted, however, that 
raveling did not increase after the time of 
insertion. 

Minimal foreign body reaction was in- 
cited by either the teflon or tantalum. The 
grafts became enclosed in a thin layer of fi- 
brous tissue which was continuous through 
the interstices of the weave or mesh and was 
similar in extent with the tantalum and 
teflon. The growth through the interstices 
was poor and tissue incorporation less com- 
plete with the close weave of teflon ‘TF-204 
(Fig. 5). 

Infection studies. All of the wounds became 
infected, and in part there was sloughing of 
the overlying skin, leaving the grafts exposed. 
Two animals died from overwhelming infec- 
tion. 

Group 1—All of the 5 wounds in which 
the tantalum wire gauze had been inserted 
healed. None of those repaired with the 
teflon TF-204 healed until the prosthes:s 
were removed or had sloughed (Table !). 

Group 2—There was healing in all of the 8 
wounds in which the defects had been 1°- 
placed by tantalum wire gauze. Seven of t \¢ 
8 wounds repaired by the open teflon wea 
TF-41-30 healed. In the other, a sm |l 
amount of drainage persisted. At the time >f 
sacrifice, it was found that part of the sutu: °s 
had become untied so that the prosthesis h. d 
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Fic. 3. Teflon TF-41-30—chest wall repair—200 days. a, Outer view. b, Inner view. The skin 





moved freely over the prosthesis and there was no adherence of the lung to the inner surface. It is 


well enclosed in fibrous tissue. 


been allowed to fold on itself. There was, 
however, healthy granulation tissue growing 
through most of the weave, and it is believed 
that complete healing would have eventu- 
ally occurred (Table I). 

Group 3—Two of the 11 animals died of 
overwhelming infection. There was com- 
plete healing in all of the remaining 9 wounds 
repaired with TF-41-30, while none with the 
close weave ‘TF-204 healed until the ma- 
terial sloughed or was removed (Table I). 

Infection of similar extent developed in 
the wounds repaired with tantalum and the 
two weaves of teflon. This infection resolved 
at the same rate in the wounds repaired by 
tantalum wire gauze and the porous teflon 
weave TF-41-30. After drainage was estab- 
lished, there was an ingrowth of granulation 
tissue through the meshes of both materials 
with an isolation of the individual fibers fol- 
lowed by complete healing. This occurred 
in many though the overlying skin had 
sloighed (Figs. 6 and 7) (Table I). 

‘here was universal failure with the close 
we ive of teflon TF-204. The implants be- 
care balled up and abscesses persisted in 
spi e of repeated drainage. No fibrous tissue 
grew through the interstices of the weave, 
an’ healing occurred in none of the wounds 
un‘'il the material had sloughed or was re- 


mc ved (Figs. 6 and 7) (Table I). 


DISCUSSION 


The satisfactory prosthesis should become 
incorporated in the body tissue, and its pres- 
ence should not interfere with wound healing 
nor cause late complications. It should be 
sufficiently strong to resist the pressure to 
which it is subjected, and chemically inert to 
the point that this will be maintained after 
implantation. Many of the wounds are con- 
taminated or potentially infected, and in 
others the vascularity might be questionable. 
The prosthesis should therefore not potenti- 
ate infection, but should permit healing and 
give support while this takes place. It should 
be readily available, storable, and relatively 
inexpensive. 

The porous teflon weave TF-41-30 used in 
this study better fulfills these requirements 
than any material reported to date. 

Teflon is sufficiently strong and chemically 
the most inert synthetic known today. It is 
attacked only by hot hydrogen fluoride gas 
under pressure, and molten alkali metals. It is 
practically nonwettable and incites minimal 
tissue reaction when implanted in the body. 

Healing in the sterile wounds was good 
with both the teflon weaves and the tantalum 
wire gauze. The open weave of teflon TF-41- 
30, however, caused less fluid accumulation 
than either. The healed teflon grafts were 
much more pliable, and though wrinkles oc- 
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Fic. 4. Teflon TF-41-30—left diaphragm repair—220 
days. Roentgenogram of chest. Note smooth contour of 
diaphragm with no elevation at site of implant (arrow). 
Fluoroscopic examination revealed good motion. 


curred they did not produce the hard ridges 
noted with tantalum that might lead to com- 
plications, particularly those in the skin, 
when that material is placed in the sub- 
cutaneous tissue. The difference should be 
more noticeable after longer periods as the 





Fic. 5. 
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complications of broken tantalum wires 
should not occur with teflon. 

A synthetic prosthesis serves as a network 
for the ingrowth of fibrous tissue. This tissue 
will add support, but it is doubtful that it 
will be adequate to prevent herniation, 
should the synthetic itself break down. The 
follow-up in this study was not of sufficient 
length to evaluate changes in tensile strength 
of the materials, and longer follow-up in dogs 
would be of little value in studying the re- 
currence of herniations as it has been shown 
that abdominal defects in these animals will 
close without repair. In this laboratory it has 
been shown, however, that teflon inserted as 
a blood vessel graft and in pericardial defects 
gained strength slightly after 1 year. There 
should be no difference when it is used for 
replacing fascial defects as the loss of strength 
with any synthetic material is due primarily 
to chemical degradation (2). From its chem- 
ical inertness one would expect teflon to 
maintain its strength over a long period of 
time. Further follow-up is necessary and is in 
progress. 

The good healing of infected wounds re- 
paired with the open weave teflon TF-41-30 
and tantalum wire gauze as compared to no 
healing with the close weave TF-204 indi- 
cates the importance of the porosity of the 
prosthesis. A close weave will prevent ade- 
quate drainage and will not allow the in- 
growth of fibrous tissue and isolation of its 


Photomicrographs (3) of prostheses—2 months. a, Open weave teflon TF-41-30. b, 
Close weave teflon TF-204. c, Tantalum wire gauze. Arrows point to teflon and open spaces where 
tantalum wires were removed. Minimal foreign body reaction is incited by either. The grafts are 
enclosed in a thin layer of fibrous tissue which isolates the fibers of the open mesh of teflon and the 
tantalum mesh. There is little growth through the close teflon weave. 
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Fic. 6. 


Fic. 6. Teflon weaves in infected abdominal wounds— 
2 weeks. Note the granulation tissue growing through the 
interstices of the open weave TF-41-30 (A) with none 
through the close weave TF-204 (B). 

Fic. 7. Teflon weaves in infected abdominal wound—2 
months. The side repaired with the open weave TF-41-30 
(A) has healed. The close weave TF-204 (B) was balled 
up in an abscess. Silk sutures in center were placed for 
skin retraction during photography. 


individual fibers which are necessary for 
healing in the presence of infection. This fac- 
tor might not become apparent in a sterile 
wound. The ever present chance of infection 
occurring in such wounds, however, con- 
traindicates the use of a close weave of this 
or any other synthetic material. The porous 
weave of teflon has adequate strength mak- 
ing the extra strength afforded by the close 
weaving unnecessary. 

The use of the teflon weave in clinical 
surgery is warranted when the combination 
of strength and pliability is desirable such as 
in the repair of abdominal and diaphrag- 
matic defects. It is satisfactory for replacing 
sma!! chest wall defects, but if large ones are 
present additional support will be necessary. 

Teflon is expensive compared to the other 
synthetic materials, but is relatively inex- 
pensive in the quantities needed and when 
compared to tantalum. 

Ii is difficult to make teflon fibers adhere 
to anything, including themselves, which is 
responsible for the raveling of the edges of 
the “pen weave. Most of this raveling can be 
prey ented by folding the edges which will be 
ade: uate unless the graft is inserted under a 
gree deal of tension. Further work is neces- 


Harrison: TEFLON WEAVE FOR REPLACING TISSUE DEFECTS 





sary before teflon prostheses approach the 
ideal. This includes the elimination of the 
raveling and a variation in the rigidity of the 
materials to fit specific applications. The 
criteria are possible but depend upon the in- 
terest of the manufacturer. 


SUMMARY AND CONCLUSION 


An open (TF-41-30) and a close (TF-204) 
weave of teflon were inserted in clean and 
infected defects created in the abdominal 
wall, chest wall, and diaphragm of 41 dogs, 
and tantalum wire gauze was used as a con- 
trol. 

In the clean wounds there was good heal- 
ing with all materials, though slightly better 
with the open weave of teflon TF-41-30. The 
teflon prostheses gave good functional sup- 
port in the abdomen and diaphragm, but 
there was paradoxic motion during the first 
3 weeks of those replacing defects in the chest 
wall. 

There was good healing in the infected 
wounds repaired with tantalum wire gauze 
and the open weave of teflon TF-41-30 but 
universal failure of resolution of the infection 
in the wound repaired with the close weave 
teflon TF-204. 
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The results indicate that an open weave 
of teflon is superior to tantalum as it is more 
pliable, and there is evidence that it will 


maintain its strength over a longer period of 


time. Its clinical usage should be successful 
when these qualities are desirable, such as in 
the replacement of defects of the abdominal! 
wall and diaphragm. It is satisfactory for 
small chest wall defects, but additional sup- 
port is necessary if larger defects are to be 
replaced. 

The weave should have a porosity similar 
to that of tantalum wire gauze, particularly 
if there is any possibility of infection. A close 
weave prevents adequate drainage and the 
ingrowth of fibrous tissue with isolation of its 
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fibers which are necessary for healing in an 
infected wound. 

There was raveling of the edges of the open 
teflon weave most of which can be prevented 
by folding the edges unless the graft is placed 
under a great deal of tension. 


REFERENCES 

1. Harrison, J. H. “Ivalon” sponge (polyvinyl alcohol) 
as a blood vessel substitute; failure in experimental 
animals. Surgery, in press. 
Idem. The use of teflon as a blood vessel replacement 
in experimental animals. Surg. Gyn. Obst., 1957, 
104: 81-87. 
Harrison, J. H., and Apter, R. H. Nylon as a vas- 
cular prosthesis in experimental animals with tensile 
strength studies. Surg. Gyn. Obst., 1956, 103: 613. 
Harrison, J. H., Swanson, D. S., and Lincoin, A. F. 
A comparison of the tissue reaction to synthetic ma- 
terials: ‘“‘dacron”’, ‘‘ivalon’’ sponge, nylon, ‘‘orlon”, 
and “teflon.” Arch. Surg., 1957, 104: 139 














TREATMENT OF EXPERIMENTAL CEREBRAL EDEMA 


WITH INTRAVENOUS HYPERTONIC GLUCOSE, 


ALBUMIN, AND DEXTRAN 
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Ir Is CUSTOMARY to attribute severe effects of 


traumatic head injuries to cerebral hemor- 
rhage and edema. Ordinarily, if the patient 
survives for a sufficient time, hemorrhage 
and often edema are demonstrable. ‘These 
pathologic changes are then seized upon as 
adequate causes for the clinical manifesta- 
tions. However, a more critical survey of the 
problem indicates that, although hemor- 
rhage and edema are often important in 
amount and location, their significance in 
survival or death of borderline cases is usu- 
ally unknown. With this in mind, we have 
developed methods to evaluate the relative 
importance of hemorrhage, edema, and 
other intracranial space-occupying factors 
in experimental closed cerebral injury and to 
inquire into the usefulness of methods of 
treatment (5, 14). In connection with ther- 
apy, treatment by intravenous hypertonic 
solutions and drainage of spinal fluid have 
been recommended clinically by some. The 
present report is concerned with an experi- 
mental evaluation of this form of therapy, 
especially in relation to its quantitative effects 
upon certain intracranial space-occupying 
faciors and intracranial pressure. 


REVIEW 


(erebral blood and water content. Cerebral 
blood is generally determined by calculating 
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the space occupied by a foreign substance, 
injected intravenously, and confined to the 
blood or by some substance occurring natu- 
rally within the blood and confined mainly 
to this space. 

Several authors have used cerebral iron 
content as a means of determining cerebral 
blood volume. Cerebral nonhemoglobin iron 
is difficult to determine by chemical means. 
Weil found 0.68 milligram per cent in gray 
and 0.64 milligram per cent in white matter. 
Gurdjian and his associates found 0.9 milli- 
gram per cent in the whole hemisphere of 
cats. Since the nonhemoglobin iron of brain 
was assumed to be fairly constant, any 
change in iron content of the brain from the 
normal range was considered to be a meas- 
ure of changes in cerebral blood volume. 
These authors found that normal cerebral 
tissue contained 5 per cent blood while a 
badly contused area of a canine brain con- 
tained as much as 30 per cent blood. Pawel 
and his associates, in studying acclimatiza- 
tion of rats, determined the cerebral blood 
volume from cerebral and blood iron values. 
They gave an average normal volume of 
6.23 per cent. After acclimatization, the 
average volume was 6.96 per cent. 

Cerebral water is usually determined by 
drying tissue to constant weight zn vacuo with 
mild heat either with or without prelimi- 
nary lipid extraction to facilitate drying. 
The former method seems more satisfactory. 
Eichelberger and associates (7, 8) used ether 
as the lipid solvent. Windle and associates 
used acetone. Apfelbach used alcohol. Bachs 
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and Walker studied the water content of 


cerebral hemispheres of dogs by drying a 
homogeneous aliquot to constant weight at 
100 degrees F. in an open oven. Alexander 





Fic. 3. Low power photomicrograph of the margin of a 
lesion similar to that illustrated in Figures 1 and 2. Note 
the vasodilatation and perivascular hemorrhage, espe- 
cially conspicuous in the cortex. Note also the pale areas of 
diminished density in the subcortical white matter. Out- 
standing edema of this type is microscopically definable 
but when the edema is more diffusely distributed, its 
location can not be microscopically resolved. 





Pia..2. 


Fic. 1. Photograph of a closed lesion produced by the 
method illustrated in Figure 4 in the convexity of the 
superior surface of the left cerebral hemisphere of a dog. 

Fic. 2. Photograph of a coronal section through a closed 
cerebral lesion, the external surface of which is shown in 
Figure 1. 


and Looney separated the white and gray 
matter of pathologic human brains and 
dried this to constant weight at 105 degrees 
C. There was no correlation of water con- 
tent with grossly edematous or atrophic 
cerebral tissue. 

Effects of intravenous hypertonic solutions on the 
brain. The classic experiments of Weed and 
associates (21-27) may be referred to for a 
general orientation in this field. They con- 
cluded that the decreased intracranial pres- 
sure following intravenous hypertonic solu- 
tions was due to changes in the osmotic pres- 
sure of the blood with resultant shifts of 
water. They also used the effect of hyper- 
tonic solutions upon the intracranial pres- 
sure to establish the validity of the Monro- 
Kellie theory. Their final conclusion was, 
‘This leads one to assume that the cranial 
cavity is relatively fixed in volume, and is 
completely filled by brain, cerebrospinal 
fluid and blood; variations in any one of the 
three elements may occur, compensation 
being afforded by an alteration in the vil- 
ume of one or both of the remaining ¢'°- 
ments.”’ Since intravenous hypertonic so! u- 
tions increase the cerebral blood volu: ie 
while decreasing the intracranial pressu’e, 
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then, according to the Monro-Kellie theory, 
there must be a diminution in volume of the 
cerebrospinal fluid or the neuronal and sup- 
porting elements of the central nervous sys- 
tem. From observations of Weed and his 
associates, it would appear that cerebrospi- 
nal fluid volume is decreased. Whether 
there is any change in interstitial elements is 
debatable. It is tempting to believe that 
hypertonic solutions produce their effect 
upon the central nervous system by displac- 
ing spinal fluid from the ventricles, subarach- 
noid space, and perivascular space rather 
than from the interstitial space. 

Since the work of Weed, other hypertonic 
solutions have been used for the reduction of 
intracranial pressure. Smythe and associates 
found 50 per cent urea to be the most effec- 
tive substance tested in the monkey. Despite 
a transient hematuria, the animals given 
urea were well the next day. Wright and 
associates demonstrated that the intracra- 
nial pressure of dogs could be reduced by the 
use of four-fold concentrated lyophile serum 
with the intracranial pressure remaining 
below the baseline for as long as 22 hours. 
Hughes and associates showed the same 
effect in man. Turner used lyophile serum 
in treatment of human cerebral injury. Good 
clinical results were reported in all but 1 
case. In this case the initial cerebral pressure 
was 30 centimeters of water and the diagno- 
sis was contusion of the left parietal lobe. 
There was no pressure reduction after treat- 
ment. Reduction of intracranial pressure oc- 
curred in most other cases. 

In recent years, hypertonic salt-free hu- 
man albumin has been used in treatment of 
cerebral edema. The work of Hughes and 
Wright was done with concentrated whole 
serum. A report of the use of hypertonic 
albumin in 30 cases with intracranial tumors 
has been published by Gates and Craig. Im- 
provement was noted in 40 per cent, with 
no improvement in another 40 per cent, and 
improvement later in 20 per cent of the pa- 
tients. No spinal fluid pressure studies were 
reported. Cole reported a case of coma fol- 
lowing cardiac arrest during surgery treated 





Clasen et al.: TREATMENT OF EXPERIMENTAL CEREBRAL EDEMA 593 





Fic. 4. Schematic drawing of the relations between the 
freezing tool, skull, and brain shown in coronal section 
during the production of a closed cerebral lesion with 
liquid nitrogen. 


with hypertonic albumin with clinical im- 
provement. No cerebral pressures were re- 
corded. Mousel suggested that cerebral 
edema was the major problem in barbituric 
acid poisoning. He treated 3 cases with hy- 
pertonic albumin and reported good results. 
Spinal fluid pressure studies were not done. 
Fender and MacKenzie reported no effect 
on the spinal fluid pressure in a single pa- 
tient with an inoperable brain tumor given 
intravenous 25 per cent salt-free human 
albumin on 2 occasions. 


METHODS 


Production of cerebral lesions. Adult mongrel 
dogs were used. Each animal was anesthe- 
tized with freshly prepared sodium pento- 
barbital. Further intravenous anesthesia was 
given as needed to maintain the animal in a 
state of unconsciousness. The details of the 
procedure for production of cerebral damage 
have been reported elsewhere, together with 
a gross and microscopic description of the 
lesions (5). In brief, closed cerebral lesions 
were produced by the application of an in- 
strument containing isopentane cooled with 
liquid nitrogen to the exposed external sur- 








594 Surgery, Gynecology ¢ Obstetrics - May 1957 


face of the intact calvarium (Fig. 4). By con- 
trol of the area and duration of contact of 
the cold isopentane with the skull, it was 
possible to control the dimensions of the 
lesions. Each volume of cerebral damage 
produced by freezing was sharply circum- 
scribed. With brief exposure, the lesions 
were restricted principally to the cerebral 
cortex. With more prolonged exposure, le- 
sions extending as deeply as the walls of the 
lateral ventricles were regularly produced. 
Grossly, the lesions were soft and purplish 
red (Figs. 1 and 2). Microscopically, there 
were changes consisting principally of vaso- 
dilatation, perivascular hemorrhage, capil- 
lary thrombosis, interstitial edema, and 
acute degeneration of tissue structures (Fig. 
3). In most essential respects the experi- 
mental lesions resembled circumscribed 
areas of cerebral contusion or hemorrhagic 
infarction in the human brain. Lesions were 
routinely produced in about the same loca- 
tion as the lesion illustrated in Figure 1. 

During the production of the lesion and 
for varying periods, thereafter, continuous 
recordings of peripheral, arterial, and cis- 
ternal pressure were made by methods de- 
scribed previously (5). In long experiments 
recordings were made at 15 minute inter- 
vals. It had been previously shown that upon 
thawing of the frozen volume of brain, the 
cisternal pressure rose to an average maxi- 
mum value of about 30 centimeters of water 
in a large series of experiments with lesions 
of moderate dimensions. More important 
still was the observation that the curve of 
pressure elevation was essentially the same in 
successive animals and that the peak values 
persisted with little change for a period of 
several hours. It was concluded, therefore, 
that the dynamic disturbances which ac- 
companied development of lesions formed a 
prolonged state of elevated cisternal pressure 
without any appreciable change in the sys- 
temic arterial pressure. 

In previous experiments with the rabbit 
it was possible to determine the volume per 
cent of cerebral damage accurately (14). 
This was not possible in these experiments, 


because the geometry of the lesion was less 
regular in the dog and because the brain 
was used for chemical studies which pre- 
cluded determinations of cerebral volume. 
Since most lesions in experiments reported 
in this paper were approximately equal in 
depth, we elected to express the gross dam- 
age in terms of surface area of lesions and 
weights of the brains. The surface area was 
determined by making a template of the 
lesion and transferring this to graph paper. 
Damage was expressed as damaged surface 
area in square centimeters per 100 grams of 
brain. 

Chemical studies. Determination of water 
content of the cerebrum.—The calvarium 
was removed by means of an electric saw. 
The cerebral hemispheres, cerebellum, and 
brain stem to the level of the caudal angle 
of the fourth ventricle were removed. The 
cerebral hemispheres were separated by sec- 
tioning through the cerebral peduncles in- 
feriorly and the corpus callosum in the mid- 
line superiorly. An effort was made to ob- 
tain sections of equal weight and volume in 
control experiments. Each hemisphere was 
then placed in a weighed bottle containing 
an extraction thimble and the wet weight 
was determined. , 

The water content was then determined 
by a modification of a method described by 
Windle. The hemisphere was macerated for 
24 hours in acetone after its wet weight had 
been determined. Then, the extraction thim- 
ble containing the macerated hemisphere 
was placed in a Soxhlet extractor. The re- 
mainder of the acetone in the weighing bot- 
tle was placed in the flask of the extractor 
and to this 25 milliliters of acetone per gram 
of brain were added. The material was ex- 
tracted continuously at 50 degrees C. for 2 
hours, then placed in a vacuum oven at 50 
degrees C. and subsequently weighed daily 
until a gain in weight was recorded. The 
previous day’s weight was taken as the dry 
weight. The total dry weight was the sum of 
the dry weight of the brain residue and ex- 
tract, obtained after desiccation in vacuo in an 
anhydrous system. 
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TABLE I.—GROUP I: BLOOD AND WATER CONTENTS OF NORMAL CANINE CEREBRAL HEMISPHERES 

















Initial weight Water content, Blood equivalent of hemisphere iron, 
in grams —— ml. per 100 grams tissue —___——_ml, per 100 grams tissue. 
—Hemisphere__ Difference —Hemisphere__ _—Difference ——Hemisphere__ Difference 
Exp. No. Right Left L-R Right I-R Right Left L-R 
57 30.78 30.76 —0.02 79.16 78.49 —0.67 3.92 3.90 —0.02 
60 33.82 33.04 —0.78 79.20 78.81 —0.39 3.75 3.87 +0.12 
66 21.59 22.08 +0.49 79.51 79.41 —0.10 5.38 5.38 0.00 
75 20.93 20.84 —0.09 78.92 78.85 —0.07 5.64 5.04 —0.60 
100 23.57 23.15 —0.42 77.36 77.45 +0.09 4.16 4.44 +0.28 
101 24.56 24.76 +0.20 76.55 76.52 —0.03 5.47 5.27 —0.20 
104 27.91 27.91 0.00 79.02 79.09 +0.07 -- - -— 
> 26.17 26.08 —0.09 78.53 78.37 —0.16 4.72 4.65 —0.07 
sx 1.83 £73 0.155 0.422 0.388 0.104 0.353 0.276 0.124 
t 0.58 1.54 0.56 
x= mean = 
nag (Estimated standard error of the mean) 


Determination of iron content of the cerebrum.— 
The acetone extract and residue were ana- 
lyzed separately. Glass-distilled iron-free 
water was used. After a dry weight was ob- 
tained, the extraction thimble containing 
the dry residue was placed in a Vycor cruci- 
ble. Tissue remaining in the weighing bottle 
was washed out with alternating acetone 
and water and placed in the same crucible. 
The cerebral tissue was dry-ashed according 
to a method of Farrar, adding 1.0 gram of 
calcium carbonate to the residue and 0.1 
gram to the extract to prevent loss of iron 
while ashing at 500 degrees C. for 24 hours. 

The iron content of the ash was deter- 
mined by the o-phenanthroline method de- 
scribed by Fortune. An excess of concen- 
trated hydrochloric acid (4 ml.) was added 
to the ash. The solution was brought to the 
boiling point and allowed to remain over- 
night. It was then diluted with iron-free 
water to 200 milliliters. A 50 milliliters ali- 
quot was taken from this and, after the addi- 
tion of 4 milliliters of hydrochloric acid, was 
boiled down to approximately 10 milliliters. 
This was then diluted to 50 to 75 milliliters 
and 1 milliliter of a 10 per cent solution of 
hydroxylamine hydrochloride added as a 
reducing agent. This was followed by 10 
milliliters of a 0.10 per cent solution of o- 
phenanthroline. For maximum color de- 
velopment 6 milliliters of reagent were re- 
quired for every 5 parts per million of iron. 
The solution was adjusted to pu 3-4 with 


concentrated ammonium hydroxide. The 
color was developed at this point and a cal- 
cium complex precipitated out of solution. 
The degree of precipitation increased as the 
pH increased but there was no loss of iron 
from the supernatant fluid, even at pu 8. At 
px 3-4 precipitation was minimal. The solu- 
tion was then centrifuged at 3,000 revolutions 
per minute for 15 minutes. The maximum 
color absorption at 508 millimicrons was de- 
termined with a Beckman spectrophoto- 
meter against normal standards, blanks, and 
internal standards. 

The iron content of blood was measured 
in 2 separate 1 milliliter samples drawn 
just before sacrifice. The blood was ashed 
with 0.1 gram calcium carbonate and then 
analyzed. The cerebral blood volume equiv- 
alent in milliliters was then calculated from 
the cerebral iron values obtained as de- 
scribed in the foregoing. There is an un- 
known amount of nonhemoglobin iron in 
the brain. This, however, was assumed to be 
equal in control and damaged hemispheres so 
that it could be disregarded in calculation of 
the amount of excess blood in the damaged 
hemisphere. 

Therapeutic studies. The following groups 
of dogs used in the experiments will be con- 
sidered: 

Group I. Controls.—These animals were 
anesthetized and prepared exactly as the 
other groups. After the collection of a blood 
sample the animals were killed with an over- 





































TABLE II.—GROUP II: COMPARISON OF AGE OF LESIONS WITH EXTENT OF DAMAGE 


*Arbitrary scale from 1-4, 


SUBGROUP A 
——______Lesions less than 2 hours old. 


Gross estimate 
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Surface area of hemorrhage Age, 
Exp. No. cm.?/100 gm. in leston* min. 
58 4.86 +4 100 
61 6.03 +3 60 
64 6.67 +2 50 
67 10.50 +2 100 
113 11.40 _ 60 
115 7.0 +1 60 
117 12.20 +2 60 
x 8.38 
sx ea 


—____——LLesions greater than 2 hours old. 


SUBGROUP B 


Gross estimate 





Surface area of hemorrhage Age, 
Exp. No. cm.?/100 gm. in lesion min, 
59 1.50 +3 150 
63 14.40 +4 240 
82 12.50 _ 300 
84 11.40 +3 600 
91 15.60 a 180 
97 13.30 +4 600 
102 7.30 +4 210 
103 6.60 — 210 
107 12.00 +4 270 

10.51 

1.50 


LATERAL LEFT HEMISPHERE LESIONS LESS THAN 2 HOURS OLD 
Blood equivalent of hemisphere iron, 


Initial weight 


Water content, 














WITH THE MEASURED INCREMENT OF WATER 





TABLE III.—GROUP II (SUBGROUP A): BLOOD AND WATER CONTENTS OF CANINE BRAINS WITH UNI- 





in grams ml. per 100 grams tissue —— ml. per 100 grams tissue 
Exp. No. —— Hemisphere Difference —— Hemisphere —— Difference ——Hemisphere_— Difference 

Right Left L-R Right Left L-R Right Left L-R 

58 31.86 31.93 0.07 78.52 78.52 0.00 3.52 6.82 3,30 
61 25.58 26.63 1.05 77.97 78.08 +0.11 4.82 6.70 1.88 
64 24.29 24.67 0.38 —_— — — 2.16 2.47 0.31 
67 23.97 24.60 0.63 77.89 79.22 +1.33 Td * Rts 0.02 
113 24.50 26.26 1.76 78.75 80.04 +1.29 6.38 9.59 3.21 
115 29.52 31.48 1.96 80.22 80.91 +0.69 -- as —- 
117 27.84 28.63 0.79 76.70 77.40 +0.70 5.42 5.50 0.08 
x 26.79 27.74 0.95 78.34 79.03 0.69 5.01 6.47 1.47 
sx 0.26 0.48 0.53 0.23 0.81 0.97 0.63 
t 3.61 3.00 2.33 


TABLE IV.—GROUP II (SUBGROUP A): COMPARISON OF CALCULATED WATER INCREMENT DUE TO BLOOD 


Weight of Increase of 
Weight of water in blood volume 
damaged damag in damaged 
hemisphere hemisphere hemisphere 
Exp. No. in grams in grams in ml. 
58 31.86 25.02 0.88 
61 25.58 19.95 0.53 
67 23.97 18.67 0.02 
113 24.50 19.30 0.96 
117 27.84 21.36 0.07 
x 
sx 
t 


dose of anesthesia. The brains were removed 
and subjected to the indicated analytic pro- 
cedures. 

Group II. Animals with untreated lesions. 
—After a base line of cisternal pressure and 
aortic blood pressure was obtained, the scalp 
was reflected and a lesion was produced in 
the posterior part of the left cerebral hemi- 
sphere. No intravenous fluids were adminis- 
tered. Pressure changes were followed for 


Increase of 
Increase of water content 
blood in of damaged 
damaged hemisphere 
hemisphere due to blood Per cent of water in damaged hemisphere 
in grams in grams Calculated Actual Difference 
0.91 0.84 78.91 78.52 —0.39 
0.55 0.50 78.26 78.08 —0.18 
0.02 0.02 77.90 79.22 +1.32 
0.99 0.91 79.28 80.04 +0.76 
0.07 0.06 76.74 77.40 +0.66 
+0.43 
0.31 
1.39 


varying periods of time, after which the 
animal was sacrificed. Sustaining doses of 
anesthesia were given as required. The data 
for this group are divided into two sub- 
groups on the basis of the age of the lesion. 
This was done because it had been previ- 
ously shown (14) that rabbits did not be- 
come comatose until 2 to 4 hours after a 
lesion was produced, and it was believed 
that this fact was due to a progression of 
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TABLE V.—GROUP II (SUBGROUP B): BLOOD AND WATER CONTENTS OF CANINE BRAINS WITH UNI- 


LATERAL LEFT HEMISPHERE LESIONS GREATER THAN 2 HOURS OLD 


Initial weight 


—__—_ in grams 

— Hemisphere __ 
Right Left 
22.96 23.57 
27.80 32.96 
23.07 24.60 
22.96 24.53 
UAT J 30.31 
26.83 29.49 
29.84 30.78 
32.67 34.12 
30.86 33.62 
27,21 29.33 

1.20 toe 


I-R 
0.61 
5.16 
#53 
1.57 
2.54 
2.66 
0.84 
1.45 
2.76 
2.12 
0.46 
4.60 


Difference 





Water content, 
ml. per 100 grams tissue 


Blood equivalent of hemisphere iron, 
ml. per 100 grams tissue 











—~ Hemisphere —_ Difference —— Hemisphere Difference 
Right Left L-R Right Left L-R 
. 78.09 78.30 0.21 6.15 9.58 3.43 
79.14 80.14 1.00 3.39 11.68 8.29 
78.59 79.48 0.89 5.67 9.38 3.71 
79.23 80.24 1.01 2.98 8.35 5.37 
78.97 79.98 1.01 4.98 7.30 2.32 
78.30 79.68 1.38 4.43 7.35 2.92 
76.91 77.53 0.62 5.34 8.21 2.87 
79.25 80.13 0.88 4.28 5.04 0.76 
79.32 80.52 1.20 3.73 6.03 2.30 
78.61 79.55 0.91 4.55 8.10 3.55 
0.29 0.33 0.11 0.35 0.66 0.72 
8.12 4.92 


TABLE VI.—GROUP II (SUBGROUP B): COMPARISON OF CALCULATED WATER INCREMENT DUE TO BLOOD 


WITH THE MEASURED INCREMENT OF WATER 





Exp. No. 


Weight of 
Weight of water in 
di d d, 2 
hemisphere hemisphere 
in grams in grams 
22.96 17.93 
27.79 21.99 
23.07 18.13 
207 21.93 
26.83 21.01 
29.94 23.03 
32.67 25.89 
30.86 24.48 


Increase of 
blood volume 
in 2 
hemisphere 


A, 





in ml. 
0.79 
2.092 
1.00 
0.83 
0.98 
0.116 
0.32 
0.87 


chemical changes in the brain. Furthermore, 
in all succeeding groups the lesions were 
more than 2 hours old and comparisons 
should be made between animals with le- 
sions of comparable age rather than the 
group as a whole. 

Group III. The localization of therapeu- 
tic effects on cerebral injury.—These data 
were obtained by analysis of tissue from 
animals in groups II, III, and IV in which 
the hemispheres were separated into four 
parts, the lesion and its margin, labelled 
“lesion areas,” the remainder labelled “le- 
sion hemisphere,” and comparable parts of 
the opposite hemisphere. Analyses for water 
and iron were done on the separate parts 
and then combined to obtain the data for 
groups III, IV, and V. 

Group IV. Animals with lesions treated 
with glucose and albumin.—Lesions were 
produced as in group II. At varying inter- 


Increase of 
Increase of water content 
blood in of damaged 
damaged hemisphere 
hemisphere due to blood Per cent of water in damaged hemisphere 
in grams in grams Calculated Actual Difference 
0.813 0.75 78.59 78.30 —0.29 
2.989 2.75 80.28 80.14 —0.14 
1.03 0.955 79.10 79.49 +0.39 
0.855 0.78 79.17 79.98 +0.81 
1.01 0.93 78.80 79.68 +0.88 
0.119 0.111 76.97 77.53 +0.56 
0.329 0.306 79.37 80.10 +0.73 
0.896 0.832 79.69 80.52 +0.83 
+0.47 
0.16 
2.94 


vals of time either 50 milliliters of 50 per 
cent glucose or 50 milliliters of 25 per cent 
salt-poor human serum albumin were ad- 
ministered intravenously. An attempt was 
made to sacrifice the animal at the time of 
maximum effect of the hypertonic solution 
upon the cisternal pressure. This was diffi- 
cult to judge when albumin and in group V 
when dextrans were used. This group is not 
homogeneous but since the data were too 
meager to allow treating the glucose and 
albumin separately, we decided to consider 
them together as nondextran test substances. 
Dextran should theoretically be compared 
with albumin but the effects of hypertonic 
glucose on the brain are much better known 
than those of hypertonic albumin. 

Group V. Animals with and without le- 
sions treated with dextran.—Animals in 
subgroup A were treated as in group IV, ex- 
cept that 50 milliliters of 12 per cent or 20 
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per cent dextran instead of glucose or al- 
bumin were used for intravenous therapy. 
Subgroup B consisted of normal animals 
given intravenous dextran. 

Group VI. Animals treated with dextran 
and spinal drainage.—The animals in this 
group were treated as those in group V ex- 
cept that samples of spinal fluids were with- 
drawn at intervals. The animals were sacri- 
ficed a short time after the last cerebrospinal 
fluid specimen was taken. The dextran con- 
tent of the cerebrospinal fluid was deter- 
mined according to the method of Bloom. 
In addition, several brains in this group 
were prepared for histologic study rather 
than chemical analysis. The microscopic sec- 
tions were prepared and stained for dextran 
according to the method of Mowry. 


DISCUSSION OF RESULTS 


Student’s t-test was used to compare 
means of different groups. The results of the 
tests of significance are shown in Tables XVI 
and XVII. The level of significance used 
was 5 per cent. The results of these tests, but 
not the actual figures, will be referred to in 
the following discussion. 

Group I. The data for this group are pre- 
sented in Table I. The means of weight, 
water content, and blood content of normal 
canine hemispheres are given. The right and 
left readings were made on the same animals, 
thus paired comparison t-tests were per- 
formed. The differences in paired readings 
are shown in Table I together with the 


mean and standard error of the mean dif- 
ference. The results of these tests indicate 
that normal canine hemispheres in the same 
animal do not differ significantly from each 
other with respect to weight, water content, 
and blood content. 

Group II. From Table II it may be seen 
that for the two groups the lesion size was 
essentially the same. By gross estimation 
there was apparently more hemorrhage in 
the lesions of subgroup B than in subgroup A. 

The chemical analyses of subgroup A are 
presented in Table III. The t values indicate 
a significant increase in weight, water con- 
tent, and blood content in the damaged 
hemisphere as compared with its undamaged 
mate. The question as to whether the in- 
crease in water is due to bleeding or repre- 
sents some other factor may be raised. Since 
the actual water content of the blood in 
these animals was not measured, a definite 
answer cannot be given. However, by using 
the highest figure given in the literature for 
the water content of canine blood, 92 per 
cent (Eichelberger), and assuming an aver- 
age specific gravity of 1.030, we may calcu- 
late a predicted increase and compare this 
with the actual increase.! This is possible 
since we have already shown in group I that 
the weights of normal canine hemispheres 
from the same animal do not differ signifi- 
cantly from each other and it may, there- 
fore, be assumed that prior to the produc- 
tion of the lesion the damaged hemisphere 
weighed as much as its mate. This was done 
and the data are presented in Table IV. It 
may be seen that there is no significant dif- 
ference between the predicted and actual 
measured water content. It may be stated, 
therefore, that the increase in water on the 
damaged side may be theoretically explained 
on the basis of hemorrhage. Furthermore, 
when the water increment in the damaged 

1The formula used for this is: wit x100=X 


X=predicted total 
water content 
w —weight of hemisphere prior to bleeding. 
b —weight of blood moved § 
wl-—weight of water of hemisphere. 
b! —weight of water in blood. 
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hemisphere is compared with the area of 
damage, the correlation coefficient is 0.81. 
For the blood, r=0.7. Although the number 
of observations in each case is too small for 
the figures to be statistica'ly significant, they 
suggest a correlation between both the water 
and blood increment with the extent of dam- 
age. 

The chemical data of subgroup B are pre- 
sented in Table V. The t values here also in- 
dicate a significant increase in weight, water 
content, and blood content in the damaged 
hemisphere. The water analyses are sum- 
marized in Figure 5. 

Table VI shows, however, that the water 
increase on the damaged side was greater 
than could be explained theoretically by the 
degree of hemorrhage; t=2.94 which is 
significantly different at the 5 per cent level 
of probability. The degree of hemorrhage in 
the early and late lesions was statistically 
the same. The mean water differences be- 
tween the damaged and undamaged hemi- 
spheres in subgroup B were not significantly 
greater than those seen in subgroup A, nor is 
the increase in weight significantly greater 
(t=2.05). Comparison of the water content 
and blood volume in the undamaged hemi- 
sphere with the control, group I, revealed no 
significant difference. 

Evidence that the water increment in sub- 
group B was independent of the blood in- 
crement may be obtained by comparing 
these with a third variable, the lesion size. 
Figure 6 demonstrates a correlation be- 
tween the lesion size and the water incre- 
ment (r =0.81, which is significantly greater 
than 0 at the 5 per cent level of probability). 
The r value for group II as a whole was 0.77 
which is also significant. On the other hand, 
Figure 7 demonstrates no correlation be- 
tween lesion size and the blood increment 
(r=0.09). Comparison of the water and 
blood incrementsdirectly revealsr =7.7 X 1074 
showing no correlation. 

These lesions were associated with an in- 
crease in intracranial pressure which varied 
from 12.0 to 48.0 centimeters, usually in the 
neighborhood of 30.0 centimeters of water 
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Fic. 6. Relation between surface area of lesion and 
increment of water in hemisphere after 2 hours. 


and was sustained as long as recordings were 
made, 10 hours in the longest experiment. 
While the pressure varied, it never perma- 
nently returned to normal. 

Group III. Examination of Tables VII and 
VIII reveals that the hemorrhage and edema 
are localized to the area of gross damage and 
adjacent tissues. This was in accord with our 
previous qualitative observations on the 
histologic characteristics of these lesions. 

Group IV. The lesion size in this group was 
the same as in group IIB. Table IX shows 
that the increased intracranial pressure was 
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TABLE VII.—GROUP III: COMPARISON OF THE GROSSLY DAMAGED AREA OF THE CEREBRAL HEMISPHERE 
WITH THE CONTRALATERAL UNDAMAGED AREA 














Lesion area Control area Difference. 
Type of Water Blood* Water Blood* Water Blood* 
Exp. No. experiment (ml./100 gm.) (ml./100 gm.) (ml./100 gm.) 
68 I.V. 50% glucose 78.37 7.31 76.44 6.55 1.93 0.76 
69 I.V. 12% dextran 82.21 9.60 80.76 9.32 1.45 0.28 
72 I.V. 12% dextran 83.32 *~ 15.25 80.72 10.73 2.60 4.50 
77 I.V. 20% dextran 80.64 16.03 78.38 6.78 2.26 9.25 
82 Untreated lesion 79.81 10.60 78.16 4.99 1.65 5.61 
84 Untreated lesion 80.34 8.39 78.78 2.98 1.56 5.41 
x 80.78 11.19 78.88 6.89 1.91 4.30 
sx 0.71 1.47 0.67 1.15 0.18 1.37 
t 10.61 3.14 


*Blood equivalent calculated from iron content. 


TABLE VIII.—GROUP III: COMPARISON OF THE GROSSLY NORMAL AREA OF THE DAMAGED CEREBRAL 
HEMISPHERE WITH THE CONTRALATERAL AREA 





——Lesion hemisphere_— —Control hemisphere —_—_—Difference. 
Type of Water Blood* Water Blood* Water Blood* 
Exp. No. experiment (ml./100 gm.) (ml./100 gm.) (ml./100 gm.) 

68 I.V. 50% glucose 77.75 8.26 77.36 7.58 +0.39 +0.68 

69 I.V. 12% dextran 80.88 6.65 80.76 6.80 +0.12 —0.15 

72 I.V. 12% dextran 80.04 10.27 79.28 7.80 +0.76 +2.47 

77 I.V. 20% dextran 79.51 8.28 79.52 9.43 —0.01 —1.15 

82 Untreated lesion 78.83 6.92 79.45 6.88 —0.62 +0.04 
84 Untreated lesion 79.95 80.17 —0.22 

X 79.49 8.08 79.42 7.70 +0.07 +0.38 

sx 0.44 0.64 0.47 0.47 0.29 0.59 

t 0.24 0.64 





+Increment on damaged side. 
—Increment on undamaged side. 
*Blood equivalent calculated from iron content. 


TABLE IX.—GROUP IV: EFFECT OF INTRAVENOUS HYPERTONIC GLUCOSE OR ALBUMIN ON THE ELEVATED 
CISTERNAL PRESSURE OF ANIMALS WITH CEREBRAL LESIONS 











Age of Cisternal pressure (in cm. H20) 
Damage, lesion, Intravenous Control After Before After treatment (in minutes) 
Exp. No. —cm.2/100 gm. min. treatment level lesion __ treatment 10 15 30 60 120 240 
68 6.30 240 50% glucose 14.0 20.0 30.0 8.0 
88 12.9 120 50% glucose 7.6 20.8 20.2 * 
92 17.0 225 50% glucose 6.4 34.8 42.2 22.0 15.8 
86 14,5 300 25% albumin 6.0 27.0 40.0 36.8 36.0 306 30.0 40.0 32.4 
93 15.3 270 25% albumin 3.0 38.0 36.4 36.8 37.0 36.0 
94 14.9 270 25% albumin 4.0 21.8 12.0** 28.0 29.8 28.4 
x 12.9 
sx 1.5 





*Sacrificed; pressure not taken. : 
**Pressure dropped following urination (not used in chart). 


TABLE X.—GROUP IV: EFFECT OF INTRAVENOUS HYPERTONIC GLUCOSE OR ALBUMIN ON THE WATER 
CONTENT AND BLOOD VOLUME OF CEREBRAL HEMISPHERES OF ANIMALS WITH UNILATERAL 
CEREBRAL LESIONS 








Water content of hemisphere, Blood equivalent of hemisphere iron, 
aererencecanenmenatitl: Per 100 am. teasue eset DE TOG Bis ISU 
Exp. No. Normal right Injured left Difference Normal right Injured left Difference 

68 76.78 78.15 £37 6.94 7.65 0.71 
88 79.45 80.69 1.24 Ta 8.04 0.72 
92 76.67 7.02 7.82 0.80 
86 78.48 79.90 1.42 5.92 9.27 3.35 
93 77.95 79.14 1.19 6.06 10.16 4.10 
94 79.86 80.91 1.05 6.99 $3;73 6.74 

x 78.20 79.76 1.25 6.71 9.45 2.74 
sx 0.542 0.509 0.066 0.234 0.944 1.003 


t 18.93 2.7 
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reduced by the use of hypertonic glucose. 
Hypertonic albumin failed to reduce the in- 
tracranial pressure to the low levels obtained 
with glucose. The chemical results are given 
in Table X. There was, again, an increase 
in water and blood on the damaged side. 
The magnitude of this increase in water, 
however, was no greater than in the un- 
treated group IIB, indicating that regardless 
of the effects on cisternal pressure, these 
agents did not decrease the edema as meas- 
ured by this method. Comparison of the 
water content of the undamaged hemisphere 
with group IIB revealed no significant dif- 
ference though there was an increased blood 
volume. 

Group V. The lesion size in this group was 
the same as in group IIB. Following the use 
of dextran, reduction of intracranial pres- 
sure did not occur (see Table XI). Contrary 
to prediction, a slight increase was observed. 
Figure 9 isasummary of the pressure changes. 
The chemical findings are given in Table 
XII. An increase in water was again no 
greater than that seen in the untreated group 
IIB. These results are summarized in Figure 
8. Comparison of the blood volume in the 
undamaged hemisphere with the undam- 
aged hemisphere of group IIB reveals an in- 
crease as with group IV. The water content 
of the undamaged hemisphere was, how- 
ever, significantly greater in the dextran 
group. In order to determine whether or 
not this was due to the presence of the lesion, 
dextran was given to normal animals. There 
was little change in cisternal pressure. The 
mean of the water in these hemispheres was 
essentially the same as those with a lesion in 
the opposite hemisphere (see Table XIII). 
This fact demonstrates that the effect of dex- 
tran on the water content of a hemisphere is 
the same whether or not a lesion is present 
in the opposite hemisphere. 

Group IV. Normal cerebrospinal fluid con- 
tains a trace of dextran-like material. After 
production of a lesion there was little change 
in the concentration of this material in the 
cerebrospinal fluid. When hypertonic dex- 
tran in the volume used in these experiments 


was administered to a normal animal, there 
was, in the absence of subarachnoid hemor- 
rhage caused by cisternal puncture, very little 
dextran-like material in the cerebrospinal 
fluid at the end of 4 hours (see Table XIV). 
When dextran was given to animals with a 
lesion, there was evidence of seepage of dex- 
tran into the cerebrospinal fluid even in the 
absence of gross hemorrhage. However, a 
significant accumulation of dextran in the 
cerebrospinal fluid was usually attributable 
to bleeding caused either by the lesion or 
cisternal puncture. Table XV indicates that 
in those animals in which cerebrospinal fluid 
was withdrawn for chemical analysis (in 
effect, spinal drainage), the increase in water 
content of the undamaged hemispheres, 
noted in the animals treated with dextran 
alone, was no longer found. The group is, 
however, too small for statistical analysis. 

The histochemical studies of distribution 
of dextran in the undamaged and normal 
brain were of no help in evaluation and in- 
terpretation of the chemical data. Dextran- 
like material was observed in the neurons 
of damaged brains but this was also seen in 
the brains of normal animals given dextran 
and in damaged brains when no dextran was 
given. This material may represent cerebral 
lipids since some lipids may have or may 
acquire reactive chemical groups which 
might give a positive histochemical reaction 
in the method used for the demonstration 
of dextran in tissues. 


DISCUSSION 


In order to interpret these data, results 
of previous chronic experiments in the rab- 
bit should be reviewed (14). The lethal effect 
of lesions in rabbits was directly related to 
the size of the lesion. Furthermore, the 
lethal factor acted in a period of from 48 to 
72 hours, and its effect was partially over- 
come by surgical decompression over the 
site of the lesion. Apparently, this was not 
due to relief of pressure alone because de- 
compression of the opposite hemisphere or 
treatment with hypertonic glucose failed to 
influence the lethal effect of the cerebral 
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TABLE XI.—GROUP V (SUBGROUP A): EFFECT OF INTRAVENOUS HYPERTONIC DEXTRAN ON THE ELEVATED 
CISTERNAL PRESSURE OF ANIMALS WITH CEREBRAL LESIONS 





Strength 
Area of Age of of dextran Control After 
Exp. damage, lesion, used, level lesion 
No. cm2/100 gm. min. per cent 
65 14.6 200 12* 12.2 24.0 
69 10.3 240 12 6.0 12.5 
72 12.3 360 12 6.2 16.4 
va fs 300 20 5.8 22.0 
81 10.6 330 20 1133 24.5 
90 10.6 240 20 9.0t 
98 13.5 300 20 2.0 22.0 
x 11.6 
8X 0.71 


*Divided doses fons 7 a total of 80 ml. 
tAt 180 minutes P=22 





Cisternal pressure (in cm. H20) 











Before After treatment (in minutes) 

treatment 20 50 75 100 120 
24.0 32.8 29.0 31.4 
16.0 20.0 20.0 12.5 15.0 15.6 
31.0 35.0 32.5 34.8 37.0 35.0 
30.5 36.5 36.5 35.0 
28.4 30.0 30.4 28.0 27.0 21.0t 
16.0 19.0 8.0§ 


{Technical difficulties; von reliable pressures obtained; sacrificed 20 minutes after treatment. 


§Following 50 per cent glucose intravenously. 


TABLE XII.—GROUP V (SUBGROUP A): EFFECT OF INTRAVENOUS HYPERTONIC DEXTRAN ON THE WATER 
CONTENT AND BLOOD VOLUME OF CEREBRAL HEMISPHERES OF ANIMALS WITH UNILATERAL 


CEREBRAL LESIONS 


Water content of hemisphere, 
ml. per 100 gm. tissue. 


Blood equivalent of hemisphere iron, 


ee Ne 








Exp. No. Normal right Injured left Difference Normal right Injured left Difference 
65 79.33 80.19 0.86 5.87 8.00 2.13 
69 80.44 81.61 1.17 7.83 8.25 0.42 
72 79.86 81.39 1.53 9.0 12.30 3.30 
77 79.08 80.26 1.18 7.50 13.40 5.90 
81 80.65 82.66 2.01 4.33 5.91 1.58 
90 82.87 83.82 0.95 6.03 6.07 0.04 
98 79.49 80.74 1:25: 5.12 6.40 1.28 

x 80.25 81.52 1.28 6.52 8.62 2.09 
sX 0.49 0.50 0.15 0.62 1.14 0.75 
t 8.7 2.78 


TABLE XIII.—GROUP V (SUBGROUP B): EFFECT OF HYPERTONIC DEXTRAN ON THE CISTERNAL PRESSURE, 
WATER CONTENT, AND BLOOD VOLUME OF NORMAL CANINE CEREBRAL HEMISPHERES 


Time between treatment 


Exp. Intravenous and sacrifice, min. 
No. treatment 
85 12% dextran 100 
95 12% dextran 30 
83 20% dextran 300 
96 20% dextran 30 
x 
sx 
lesion. These observations led us to believe 


that the lethal effects of the lesion were re- 
lated to cerebral edema largely localized 
around the damaged tissue. 

If similar mechanisms hold for the dog, 
it may be assumed that the death of the 
animal would be related to the increment of 
water in the damaged hemisphere since this 
was shown to be correlated with the extent 
of damage. In considering the meaning of 
this increment, it cannot be too strongly 
emphasized that this is no measure of volume 
increase since it depends entirely upon the 


Cisternal pressure Water content Blood equivalent 
change of hemisphere, of hemisphere iron, 
em. HO ml./100 gm. tissue ml./100 gm. tissue 

+2.0 79.91 8.10 
—7.0 79.61 5.21 
79.81 5.68 

—6.0 76.19 9.52 
+1.0 79.04 5.91 
78.91 6.88 

0.70 0.82 


difference in water composition of the edema 
fluid, blood, and the brain substance in 
which these changes are taking place. A 
better measure of the actual volume factor 
is the increase in weight of the damaged 
hemisphere in relation to the undamaged 
one. This averaged about 8 per cent while 
the average increase in water content was 
only about 1 per cent. This over-all increase 
in volume occurring locally in a closed sys- 
tem might be expected to have a consider- 
able effect on intracranial dynamics and 
cerebral function. 
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The effects of hypertonic fluid therapy, 
on the other hand, might best be measured 
by considering the most labile component 
of cerebral edema, namely its water content. 
It has been shown in these experiments that 
hypertonic solutions have no effect on this 
factor. This may be due to an inability to 
obtain an osmotic gradient because of vas- 
cular damage, binding of the water by the 
damaged tissue or defective circulation so 
that hypertonic plasma did not reach the 
edematous area. 

The effect of all hypertonic solutions in 
increasing the intracranial blood volume was 
in keeping with generally accepted notions 
on increased intravascular osmotic pressure 
and fluid movements. Although the elevated 
intracranial pressure in these experiments 
could be reduced by intravascular hyper- 
tonic glucose and less efficiently with al- 
bumin, neither of these substances had any 
effect on the total water content of the un- 
damaged hemisphere. Since the blood vol- 
ume was increased and the water component 
of the edema was not affected, the pressure 
reduction can only be explained, on the basis 
of the Monro-Kellie doctrine, by assuming 
that spinal fluid was withdrawn from some 
reservoir not in the cerebral hemispheres or 
that the analytic methods for water were 
not sensitive enough to detect a change in 
the water content of the cerebrum. 

Dextran was not only ineffective in treat- 
ing the localized cerebral edema produced 
by this experimental method but also its use 
led to a significant increase in the total 
water of the undamaged hemisphere when 
compared with the normal. This change was 
not correlated with the presence of a lesion 
in the opposite hemisphere, and might be 
expected to occur in the brain of any pa- 
tient receiving dextran. Whether or not 
such a change has any physiologic signifi- 
cance remains to be determined. The fact 
that this increase was not seen after spinal 
drainage suggests that it may be due to an 
increase in spinal fluid content within the 
brain. In these experiments there was some 
evidence of seepage of dextran into the 
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Fic. 8. The effect of treatment with hypertonic fluids 
on the water increment of damaged hemispheres. 


cerebrospinal fluid following a lesion. It is 
possible that dextran may act as an irritant 
when it is in contact with extravascular 
parts of the central nervous system. 

On the basis of these findings, we have 
come to the conclusion that cerebral edema 
of the type produced here is not diminished 
by the intravenous administration of hyper- 
tonic solutions and, for the reasons out- 
lined, we hesitate to recommend that hyper- 
tonic dextran be substituted for the solutions 
now in use. Since dextran may be used to 
treat hemorrhage or shock in patients who 
have intracranial injury, our data indicate 
that the potential danger of its use in such 
cases should be kept in mind. Whether the 
amounts used in clinical circumstances to 
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TABLE XIV.—GROUP VI: ACCUMULATION OF DEXTRAN IN THE SPINAL FLUID IN CONTROL ANIMALS AND 
ANIMALS WITH CEREBRAL LESIONS 
Milligrams per cent of dextran 


minutes after intravenous dextran 














Exp. Type of Intravenous CSF Cerebrospinal fluid Venous blood 
No. experiment dextran color 0 60 120 180 240 270 240 
116 Control No lesion Clear 1.0 1 2.6 — 4.9 _ _— 
122 Control No lesion Pink — 12.5 20.0 — * _— — 
106 Lesion Before lesion Clear 2A 7.4 5.0 15.0 — _ — 
109 Lesion Before lesion Clear —~ 6.7 7.6 14.0 22.4 19.2 _ 
118 Lesion After lesion Pink — 6.0 21.5 38.3 8 1600 
108 Lesion After lesion Pink — 2.1 10.6 34.0 —_— = 

99 Lesion After lesion Clear 2.0 6.0 — — —_ _ 
105 Lesion After lesion Pink 3:5 — — 44.0 _ — 1340 


*High value—unreadable at dilution used. 


TABLE XV.—GROUP VI: EFFECT OF TREATMENT BY SPINAL FLUID DRAINAGE AND INTRAVENOUS HYPER- 
TONIC DEXTRAN ON THE WATER CONTENT AND BLOOD VOLUME OF CEREBRAL ,HEMISPHERES OF 
ANIMALS WITH UNILATERAL CEREBRAL LESIONS 


Water content of hemisphere, Blood equivalent of hemisphere iron, 


Age of —______ml. per 100 gm. tissue —______ml. per 100 gm. tissue. 
Exp. Area of damage, lesion, Normal Injured Normal Injured 
No. cm.2/100 gm. min. right left Difference right left Difference 
106 8.8 180 75.24 75.87 0.63 4.78 13.13 8.35 
108 17.2 180 78.61 80.75 2.14 5.83 8.74 2.91 
109 10.7 270 78.53 79.33 0.80 4.49 TATE 3.28 
x 77.46 78.65 1.19 5.03 9.88 4.84 


TABLE XVI.—STATISTICAL EVALUATION OF THE RELATIONS BETWEEN THE SIZE OF LESIONS, INCREMENT 
OF WATER, AND INCREMENT OF BLOOD IN INJURED LEFT HEMISPHERE 


Size of lesions. 


Increment in water. Increment in blood. 











Groups a a 66909 6ey9 
compared values af. Probability* values af. Probability* values df. Probability* 
IIA and IIB 1.08 14 n.s. 0.95 13 n.s. 2.04 13 n.s. 
IIB and IV 1.08 13 n.s. aA2 12 n.s. 0.68 13 n.s. 
IIB and V 0.60 14 n.s. 2.05 14 n.s. 1.48 14 n.s. 

xl — x2 


sy? os 








m (mn; — 1) sxi2 + nz (me — 1) sx f 1, 1 
nm oo ne —2 nm ne 
*Statistical tests of significance performed at 5 percent level, n.s.=not statistically significant. 





TABLE XVII.—STATISTICAL EVALUATION OF THE RELATIONS BETWEEN BLOOD AND WATER CONTENT 
OF UNINJURED RIGHT HEMISPHERE 


Content of water__... 





Content of blood. 


Groups ws i 

compared values df. Probability Values df. Probability 
IIA and IIB 0.52 13 n.s. 0.59 13 n.s 

I and IIB 0.16 14 n.s. 0.32 13 n.s. 
IIB and IV 0.73 13 n.s. 4.50 13 P<0.5 
IIB and VA 3.04 14 P<0.5 2.91 14 P<0.5 
VA and VB 1.63 10 n.s. 0.36 10 ns. 


expand the plasma volume might adversely 
affect complicating cerebral lesions cannot 
be determined from our current experi- 
ments. 

Finally, these data have brought into 
focus the source of much confusion about 
cerebral edema and the value of treatment 
by hypertonic fluids. The major difficulty is 
in determining the exact distribution of the 
increased water content associated with 





edema and the exact distribution of the 
depleted water content associated with ther- 
apy intended to reduce the edema. Clearly, 
the removal of water from one tissue com- 
ponent, space, or reservoir of the brain may 
decrease the total water content of the whole 
central nervous system without influencing 
the water content of other tissue com- 
ponents, spaces, or reservoirs, any one of 
which may be the exclusive locus of the 
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cerebral edema. Similarly, a posttherapeutic 
rise or fall of intracranial pressure does not 
necessarily reflect desirable or undesirable 
changes in the pathologic distribution of 
water in the nervous system. Now, an im- 
provement of methods is needed. One set 
of methods should compare effects of treat- 
ment on water balance of the normal nerv- 
ous system with the effects on water balance 
of the pathologic nervous system in which 
water may not only be abnormally retained 
but also abnormally distributed. A second 
set of methods should be developed to de- 
termine whether the increase in water in 
cerebral edema is as significant in the patho- 
genesis of symptoms as other changes which 
may not necessarily be alleviated by a 
restoration of the water balance to normal 
values. 


SUMMARY 


These experiments show that local cere- 
bral injury produced in dogs by freezing 
the brain through the intact calvarium was 
accompanied by an increase in the amount 
of blood and water in the damaged hemi- 
sphere. ‘The principal increase in the amount 
of blood and water was restricted to the site 
of the lesion and its immediate vicinity. The 
increase in the amount of water was in excess 
of that expected on the basis of the increase 
in the amount of blood in lesions greater 
than 2 hours old and this excess was assumed 
to be an indication of the amount and locus 
of cerebral edema. The increase in water 
was correlated with the amount of cerebral 
damage measured grossly. 

The excess accumulation of blood and 
water within the brain represented uni- 
lateral space-occupying factors which led to 
an increment in cisternal pressure. The ele- 
vated cisternal pressure was temporarily re- 
duced by the use of intravenous hypertonic 
(50 per cent) glucose but this reduction was 
not accompanied by any evidence of de- 
crease of cerebral edema. Nor was there any 
evidence that the intravenous administration 
of hypertonic (25 per cent) salt-poor human 
serum albumin or hypertonic (12 per cent 
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and 20 per cent) dextran reduced cerebral 
edema. Following the use of albumin there 
was not even a significant reduction in 
cisternal pressure. The use of dextran usu- 
ally was followed by a further elevation in 
cisternal pressure and an increment of water 
in the undamaged hemisphere, accompanied 
by seepage of dextran through the damaged 
cerebral vasculature into the cerebrospinal 
fluid. Hence, future clinical use of intra- 
venous dextran to expand the plasma volume 
in patients with cerebral injury should be 
carefully evaluated. Though it cannot be 
denied that use of these hypertonic solutions 
may be beneficial in some cases, our data 
indicate that such benefits cannot be at- 
tributed to a reduction of cerebral edema of 
the type produced in these experiments. 
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CERVICAL METASTASIS FROM OCCULT CARCINOMA 


MORTON S. COMESS, M.D., OLIVER H. BEAHRS, M.D., and 
MALCOLM B. DOCKERTY, M.D., Rochester, Minnesota 


AN INDETERMINATE TUMOR in the neck usually 
permits a reasonably accurate presumptive 
diagnosis to be made and appropriate thera- 
peutic measures to be undertaken when the 
problem is approached methodically and 
with knowledge of the pathology of cervical 
structures. The most significant lesion in 
this region, insofar as the ultimate welfare of 
the patient is concerned, is a metastatic 
malignant tumor. The primary source of the 
lesion is evident after the initial examination 
in the great majority of such patients. 

However, there remain patients in whom 
a primary tumor is not located despite in- 
tensive examination. With increasing refine- 
ment in the treatment of cervical metastasis, 
it becomes necessary to evaluate further this 
group of patients who formerly were dis- 
missed as having “‘branchiogenic carcinoma” 
or “primary cancer of the neck”’ or present- 
ing ‘‘just an academic problem.” Accord- 
ingly, a search was made in the files of the 
Mayo Clinic for the records of those patients 
in whom histologic proof of metastatic in- 
volvement of cervical lymph nodes was avail- 
able and in whom a primary tumor could 
not be located prior to pathologic examina- 
tion. 


REPORTED FREQUENCY OF CERVICAL 
METASTASIS 


The incidence of cervical metastasis can 
be estimated accurately only from patho- 
logically proved material. Mayo and Lee 
found 50 per cent of all cervical tumors to be 
malignant, and half of these malignant 
lesions represented nodal metastasis. Killens 
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studied 810 consecutive biopsies of clinically 
undiagnosed lymph nodes. The histopatho- 
logic diagnoses included, among others, 
lymphomas in 257 instances, ‘‘inflamma- 
tory” or normal tissue in 102 and metastatic 
carcinoma in 319. Blady found the cervical 
nodes were involved in 13.5 per cent of 
admissions for malignant disease. 

In cervical metastasis, the primary lesion 
usually is evident or can be found with 
minimal difficulty. In other instances, greater 
effort is necessary to delineate the source 
because of small size or poor accessibility. 
Martin and Morfit found that a lump in the 
neck was the first complaint in 5.6 per cent 
of a large group of patients who had cancer. 
This situation occurred in 7.8 per cent of all 
neoplasms of the oral cavity, in 8 per cent of 
thyroidal carcinomas, in no instances of tu- 
mors of salivary glands, and in 0.6 per cent 
of infraclavicular lesions. In a later study of 
patients with tumors of the head and neck, 
Martin and Romieu noted that cervical 
metastasis was the initial difficulty in 12.5 
per cent. Secondary growths in cervical 
lymph nodes are said to be the initial sign of 
disease in 50 per cent of nasopharyngeal 
carcinomas, 33 per cent of carcinomas of the 
tonsil, 30 per cent of carcinomas of the base 
of the tongue, 10 per cent of carcinomas of 
the floor of the mouth, 17 per cent of car- 
cinomas of the extrinsic larynx, and 23 per 
cent of carcinomas of the thyroid. 

After examination of the regions recog- 
nized as the usual sites for small lesions with 
proclivities for early spread, a group of pa- 
tients remains in whom the primary lesion is 
not evident. Martin and Morfit found no 
source for the lesion in 6 per cent of 500 pa- 
tients who had metastatic tumors in the 
lymph nodes, and Blady noted the same 
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thing in 4 per cent of 1,290 patients with 
malignant disease. Mayo and Lee failed to 
locate the primary lesion in 4.1 per cent of 
609 lymph node biopsies, as did Martin and 
Morfit in 3 per cent of 3,896 cases in which 
cervical metastasis occurred. The present 
study is an attempt to follow such a group 
of patients through the natural history of 
their disease. 


PRESENT STUDY 


A review was made of the records of pa- 
tients seen at the Mayo Clinic from 1945 to 
1954, and bearing the diagnosis of metastatic 
carcinoma of the cervical lymph nodes. A 
total of 1,189 cases were included. The organ 
that was the site of the tumor producing 
cervical metastasis, the location of the in- 
volved nodes, and, if proved histologically, 
the type and grade of malignancy of the 
lesion were recorded. 

Of this number, 103 cases were considered 
to have fulfilled the following criteria: (a) no 
history of a previous malignant lesion or of 
surgical ablation of any indeterminate lesion; 
(b) no history of definite symptoms related 
to a specific organ; (c) no clinical or labora- 
tory evidence of a primary neoplasm; and 
(d) the presence of 1 or more cervical masses 
proved histologically to be malignant. These 
patients were followed by study of available 
records and correspondence with the pa- 
tient, his family, and local physicians and 
hospitals. Protocols of necropsies were ob- 


tained in each instance in which necropsy 


was permitted. 

Of the entire group, 814 patients (69 per 
cent) had primary lesions in structures of the 
head or neck, 76 (6 per cent) in the skin of 
the head, neck, or upper part of the thorax, 
and 196 (16 per cent) in thoracic and ab- 
dominal viscera. 

In the remaining 103 patients (9 per cent) 
primary lesions were not evident. These 103 
cases were studied intensively. There were 
73 male and 30 female patients, ranging in 
age from 7 to 83 years. About three-fourths 
of the patients were between 40 and 70 years 
of age. 





SYMPTOMS AND SIGNS 


The basic finding in this group was me- 
tastasis to a cervical lymph node, mani- 
fested by a palpable mass in the neck. This 
was the sole complaint in 61 patients, 
whereas 34 also had anorexia, nausea, loss 
of weight, malaise, vague or poorly local- 
ized pain, or other nonspecific symptoms. 
The remaining 8 patients were unaware of 
a cervical mass, which was discovered dur- 
ing evaluation of unrelated complaints. 
Tenderness, pain, variation and regression 
in the size of the mass, and dysphagia oc- 
casionally were mentioned. However, the 
majority of patients noted only a hard pain- 
less swelling in the neck. 

Duration of symptoms. The time elapsing 
between discovery of the cervical lesion and 
evaluation at the clinic ranged from a mat- 
ter of days to 20 years. Forty of the group 
were examined within 3 months of discovery 
of the mass, whereas 37 patients delayed ex- 
amination from 3 to 24 months. Six patients 
stated that a cervical mass had been present 
for 2%, 4, 7, 8, 10, and 20 years, respec- 
tively, with the appearance of another lump, 
change in size, or unrelated symptoms as 
the stimulus for examination. Twelve pa- 
tients were uncertain of the duration of the 
mass. As already noted, 8 were unaware 
that a palpable mass was present. 


PREVIOUS TREATMENT 


Biopsy of the cervical lesion had been per- 
formed prior to admission to the clinic in 42 
patients, the interval ranging from 2 days 
to 21% years. Some investigators have ar- 
gued against injudicious biopsy of cervical 
nodes, stating that it is usually unnecessary, 
compromises future definitive therapy, and 
delays diagnosis because it does not aid in 
the discovery of the primary lesion. In the 
present study, a source of the tumor was not 
apparent after careful study, and it became 
necessary to establish the true nature of the 
mass. After inconclusive study, biopsy is 
practical only if the surgeon is prepared to 
proceed with definitive surgery. Biopsy is 
imperative prior to radiation therapy. 
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Twenty-six patients had had some prior 
therapy directed to the lesion. This included 
application of ointments, aspiration, in- 
cisional drainage, administration of anti- 
biotics, dental extraction, tonsillectomy, 
probing of salivary ducts, and radiation. 
Treatment of a “lump” in the absence of 
definitive diagnosis only delays effective 
treatment and lulls the patient into false 
security. Limited use of antibiotics as a diag- 
nostic measure is sometimes acceptable; 
however, without obvious infection, inflam- 
matory hyperplasia is rare in adults, while 
necrosis and suppuration of a node con- 
taining metastatic tumor are not uncom- 
mon. Twelve patients had had some radia- 
tion therapy. Doses that are less than can- 
cerocidal are useless and, in the absence of 
histologic evidence of the nature of the le- 
sion, are to be condemned. 


CLINICAL COURSE 


Follow-up studies were possible in 100 of 
these 103 patients, and 3 patients were lost 
to follow-up. Traced patients were classified 
in three groups, namely (a) determinate, 
those in whom the source of the metastatic 
lesion became apparent subsequent to or as 
a result of pathologic examination, (b) sur- 
viving, those patients alive at the date of 
study without evidence of a primary tumor, 
and (c) indeterminate, those patients who 
died without clinical or pathologic evidence 
of the source of cervical metastasis (Table I). 

Determinate group (42 patients). The thyroid 
gland was the site of the largest number 
(11 cases) of cryptic primary lesions (Cases 
1 through 11, Table II). There were 5 male 
and 6 female patients ranging in age from 
7 to 59 years. The mean age was 31 years, 
significantly less than that of the group as a 
whole (52 years). The malignancy of 9 of 
the 11 lesions was grade 1, whereas 1 was 
graded 2 on the basis of the presence of 
sheets of cells without papillary formation 
and 1 lesion (grade 4) contained highly ana- 
plastic cells and was locally invasive and 
inoperable. All primary tumors were in the 
homolateral lobe. All but 3 were less than 


TABLE I.—CLASSIFICATION AND SUBSEQUENTLY 
FOUND ORIGIN IN OCCULT CARCINOMA WITH 
CERVICAL METASTASIS IN 103 CASES 
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10 millimeters in diameter; the smaller le- 
sions were impalpable even at the operating 
table, and careful pathologic examination 
was required to locate them. Metastatic 
tumors were distributed widely in the neck 
(Table II). Treatment consisted of total 
lobectomy on the affected side, including 
the isthmus, subtotal lobectomy on the op- 
posite side, and a varying extent of removal 
of node-bearing tissues. Supplemental radi- 
ation was given in 2 cases. Radioactive iso- 
topes were not used, none of the lesions be- 
ing predominantly acinar. When last heard 
from, 10 of the 11 patients were living 1% 
to 9 years after the original biopsy. The pa- 
tient with the anaplastic lesion was dead. 
The nasopharynx was the primary site in 
7 patients (Cases 12 through 18). Four were 
men and 3 were women, with a mean age 
of 58 years. In all instances, the initial meta- 
static lesion was located in the upper or mid- 
dle deep cervical chain and was a high grade 
squamous cell carcinoma, of either the small 
cell or lymphoepithelioma variety. All pa- 
tients received external radiation and 2 had 
supplemental treatment applied by means 
of nasopharyngeal packs of radium. After 
periods ranging from 2 months to 2% years, 
the primary lesions became apparent as 
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TABLE II.—DATA IN 42 CASES OF METASTATIC CERVICAL CARCINOMA IN WHICH THE PRIMARY TUMOR 
LATER BECAME APPARENT 


Case 


WOmANANFS WN = 


25 


27 


28 


29 


30 


31 


32 


33 


Sex 


>| = i ae pd dls Hi Th Hh i 


M 


K4 


Age, 
years 
47 


31 
19 
20 
52 
19 
26 
44 

7 
59 
13 
34 
46 
68 
37 
68 
47 
58 
50 
75 
55 
65 
46 


50 


62 


61 


39 


39 


55 


52 


53 
53 


36 


Location of 
node* 


LMDJ 
LMDJ 
LUDJ 
LUDJ 
LPC 
RMDJ 
RMDJ 
LUDJ 
RMDJ 
LMDJ 
Right neck 
LUPC 
LUDJ 
LUDJ 
LPC 
RUDJ 
Right neck 
RPC 
RUDJ 
RPC 
RUDJ 
LUDJ 
Right neck 


RLDJ 


RUDJ 
LUDJ 


LUDJ 
LUDJ 


RMDJ 


RMDJ 


RMDJ 
LMDJ 
LSC 





paca Pain... 
Grade of 
Type malignancy 
Adenoca. 1 
Adenoca. 1 
Adenoca. 1 
Adenoca. 1 
Adenoca. 1 
Adenoca. 1 
Adenoca. 1 
Adenoca. 1 
Adenoca. 1 
Adenoca. 4 
Adenoca. 2 
Squamous 4 
(lymphoepith.) 
Squamous 4 
(lymphoepith.) 
Squamous 4 
(lymphoepith.) 
Squamous 4 
(lymphoepith.) 
Squamous 4 
Squamous 4 
Squamous 4 
(lymphoepith.) 
Squamous (?) 4 
Undiff. 4 
Squamous 3 
Squamous 4 
Undiff. 4 
Squamous 4 
Squamous 4 
Adenoca. 1 
(cylindroma) 
Adenoca. 2 
(cylindroma) 
Squamous 4 
Squamous 3 
Squamous 2 
Squamous (?) 4 
Small cell os 
Undiff. 4 


Treatment 


Resection 
Resection, node dissection 
Resection, node excision 
Resection, node exc. 
Resection, node exc. 
Resection, dissect. 
Resection 
Resection, node dissect. 
Resection, node dissect., 
radiation 
Exploration, radiation 
Resection, node dissect. 
Radiation 


Upper neck dissect., radium 
to nasopharynx 

Radiation to neck and 
nasopharynx 

Radiation to neck and 
nasopharynx 

Radiation to neck 


Radiation to neck and 
nasopharynx 

Radiation to lateral neck 

Exploration, radiation 

Radiation 

Radiation 

Upper neck dissect., 
radiation 

Radiation to neck and 


nasopharynx 
None 


Radiation 

None immediately; later, 
combined resection floor of 
mouth and neck dissect. 

Radiation to neck 


Radiation 


Radiation 


Laryngectomy, radiation 


Palliative radiation 
Palliative radiation 


Radiation 


Primary lesion 
Thyroid, 5 mm. 
Thyroid, 6 mm. 
Thyroid, 10 by 20 mm. 
Thyroid, 10 mm. 
Thyroid, 10 mm. 
Thyroid, 9 mm. 
Thyroid, 5 mm. 
Thyroid, 5 mm. 
Thyroid, 3 mm. 


Thyroid, <10 mm. 
Thyroid, 5 mm. 
Nasopharynx; nodule 30 mos. 
later 
Nasopharynx; mass left 
24 mos. later 
Nasopharynx; mass left 
posterior 5 mos. later 
Nasopharynx; ulcer left 
30 mos. later 
Nasopharynx; tumor fossa of 
Rosenmiiller 7 mos. later 
Nasopharynx; mass right 
vault 4 mos. later 
Nasopharynx; ulcer above 
ostium 2 mos. later 
Tonsil; direct invasion from 
tonsillar fossa at operation 
Tonsil; suspicious area 
right, biopsy not allowed 
Tonsil; indurated area 
16 mos. later 
Tonsil; ulcerated lesion 
6 mos. later 
Tonsil; “benign tag” 
biopsied 6 weeks later 
Tongue; node excised 
elsewhere; told was 
“branchial cleft 
carcinoma”; tumor 
posterior tongue 10 mos. 
later 
Tongue; infiltrating tumor 
low on base 24 mos, later 
Floor of mouth; cystic 
lesion 16 mos. later 


Maxillary sinus; mass noted 
by x-rays 6 mos. later 

Ear; external canal and 
middle ear filled by 
tumor 16 mos. later 

Esophagus; found at 
necropsy 19 mos. later 

Larynx; indirect and direct 
examination and 
laryngoscopy through 
tracheal stoma negative; 
smears from larynx 
showed tumor cells 

Lung; progressive hilar mass 
52 mos. later 

Lung; progressive discrete 
mass 1 mo. later 

Lung; bronchogenic 
reticulum cell sarcoma at 
necropsy 5 mos. later 





TAB 


Case 
34 


35 
36 


37 


38 


39 


40 


41 


42 


*LI 


LUP( 
LSC 
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TABLE II.—DATA IN 42 CASES OF METASTATIC CERVICAL CARCINOMA IN WHICH THE PRIMARY TUMOR 
LATER BECAME APPARENT (Continued) 


ee 
Age, Location of Grade of 
Case = Sex years node* Type malignancy 
34 M 37 Left neck Undiff. 4 
35 F 55 RMDJ Adenoca. 4 
36 F 54 LPC Adenoca. 4 
(scirrhous) 

37 M 46 LLDJ Undiff. 4 
38 M 64 LMDJ Adenoca. (?) 4 
39 M 66 RUDJ Squamous a 
40 F 51 RUDJ Melanoma — 
41 M 36 LLDJ Melanoma _ 
42 M 56 LLDJ Undiff. 4 


Treatment 
Radiation 


Primary lesion 

Stomach; found at necropsy 
19 mos. later 

Stomach; found at necropsy 
1 mo. later 

Breast; 1.5 cm. nodule (left) 
8 mos. later 

Prostate; found at necropsy 
35 mos. later (asympto- 
matic; died of coronary 
occlusion) 

Pancreas; found at necropsy 
6 mos. later 

Bladder; sessile grade 3 
transitional cell 
carcinoma of trigone 
75 mos. later 

Unknown; no primary 
noted; death 10 mos. 
later; no necropsy 

Unknown; no primary 
demonstrable at necropsy 
6 mos. later 

Lymphosarcoma; found at 
necropsy 46 mos. later 


Radiation 
Radiation 


Radiation 


Radiation 


Radiation 


None 


Radiation 


Radiation 


*LMDJ = left middle deep jugular; LUDJ = left upper deep jugular; LPC = left pense cervical; RMDJ = right middle deep jugular; 
t 


LUPC = left upper posterior cervical; RUDJ = right upper deep jugular; RPC = rig 
Ppe' f pre PJ 


LSC = left supraclavicular; LLDJ = left lower deep jugu 


nodules or masses in the fossa of Rosen- 
miller or the posterolateral vault. Four pa- 
tients died after 7, 11, 13, and 36 months; 
3 patients were living 1144, 3%, and 7% 
years after the initial diagnosis. 

A lesion in the faucial tonsil became evi- 
dent in 5 patients (Cases 19 through 23). 
The initial metastatic lesion was in the ho- 
molateral upper deep cervical region in 4 
cases and in the posterior triangle in 1 case. 
The lesions were anaplastic, being squa- 
mous cell carcinoma grade 3 or 4 in 2 cases 
and undifferentiated carcinoma in 3 cases. 
Three patients had radiation therapy and 
were living 1, 414, and 11 years later; 2 had 
surgical treatment with supplemental radi- 
ation and died 3 months and 2 years later. 
The primary lesion became manifest in 3 
instances as a nodule or tag on the surface 
of the tonsil 114, 7, and 11 months later; 
in 1 instance, it appeared 6 months later as 
an ulceration extending onto the soft palate, 
and in the fifth case it was thought on the 
basis of surgical exploration to have infil- 
trated from the tonsil into the soft tissues, 
although this was not proved pathologically. 


posterior cervical; RLDJ = right lower deep jugular; 


In 7 additional instances, primary lesions 
became evident above the level of the clavi- 
cles. Two patients (Cases 24 and 25), who 
had high grade squamous cell carcinoma, 
exhibited nodular infiltration of identical 
histologic character in the homolateral base 
of the tongue 24 and 10 months after the 
original metastatic tumor appeared. ‘Two 
patients had cervical tumors that proved to 
be adenocystic adenocarcinoma, or cylin- 
droma, in the absence of clinically detect- 
able lesions elsewhere. ‘The source in 1 of 
these patients (Case 26) became apparent 
16 months later as a cystic nodular mass in 
the floor of the mouth medial to the ascend- 
ing ramus of the mandible; the tumor prob- 
ably originated in a minor salivary gland. 
Subsequent treatment included radical dis- 
section of the neck with resection of the floor 
of the mouth and mandible in continuity, 
but the usual inexorable slow recurrence 
was noted. In the second patient (Case 27), 
a grade 2 cylindroma in an upper deep 
cervical node was treated with external ra- 
diation. Six months later, evidence of a 
lesion appeared in roentgenograms of the 
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maxillary sinus, and the patient died 9 
months later. 

In Case 28, an undifferentiated meta- 
static carcinoma was treated with external 
and interstitial radiation. Sixteen months 
later, the external auditory meatus and 
mastoid cells were found to be involved by 
an extensive grade 4 squamous cell carci- 
noma. 

A carcinoma in the midcervical portion 
of the esophagus was first discovered at 
necropsy in Case 29. This patient had ex- 
hibited hoarseness, a fixed vocal cord, and 
middle cervical metastasis from a grade 3 
squamous cell carcinoma. Roentgenologic 
examination of the esophagus on admission 
and again 3 months later had disclosed 
nothing abnormal. No indication of the lo- 
cation of the primary tumor was present 
until the patient died elsewhere of multiple 
metastatic tumors 19 months after our ini- 
tial examination. 

The primary lesion was masked by coin- 
cident disease in Case 30. A middle deep 
cervical node was found to contain squa- 
mous cell carcinoma grade 2. The larynx, 
except for scarring secondary to long- 
standing tuberculous laryngitis, appeared 
normal both from above and below; how- 
ever, cytologic study of smears disclosed 
malignant cells. Laryngectomy revealed a 
neoplasm infiltrating beneath the scar and 
pushing it medially. The patient was alive 
and well 5% years later. This case empha- 
sizes the necessity of aggressive search for 
and treatment of the primary tumor. 

Lesions of organs below the clavicles 
metastasizing to cervical nodes became ap- 
parent in 9 patients (Cases 31 through 39). 
These originated in the lung, stomach, 
breast, pancreas, prostate, and urinary blad- 
der. All the metastatic lesions were highly 
anaplastic but were classifiable into scir- 
rhous carcinoma, probably of the gastro- 
intestinal tract, in 1 of the 2 gastric lesions, 
into high grade squamous cell and “oat 
cell’? carcinoma, probably of the lung, in 3 
instances and into scirrhous adenocarci- 
noma in the lesion proving to originate in 





the breast. The gastric lesions were dis- 
covered at necropsy 1 and 19 months after 
examination; both patients had had normal 
roentgenograms of the upper part of the 
gastrointestinal tract. Two of the pulmo- 
nary lesions were first proved at necropsy; 
in the third case, the appearance of a single 
enlarging mass in thoracic roentgenograms 
during the subsequent course was presump- 
tive evidence in conjunction with the com- 
patible pathologic picture. In Case 36, a 1.5 
centimeter grade 4 scirrhous adenocarci- 
noma was discovered in the lateral portion 
of the breast 8 months after the appearance 
of a metastatic node in the midcervical 
region. The original examination of the 
breasts had disclosed nothing abnormal. 
The lesions of the pancreas and prostate 
were unsuspected during life, and accurate 
diagnosis was possible only at necropsy. In 
Case 39, the primary lesion was thought to 
be in the urinary bladder despite the lapse 
of more than 6 years between the appear- 
ance of a metastatic lesion in a right upper 
cervical node and of an infiltrating carci- 
noma at the base of the bladder. The histo- 
logic appearance of both lesions was similar. 

Three additional cases make up the total 
of 42 cases in the determinate group, al- 
though these 3 do not strictly fulfill the 
stated criteria. Two of the patients had met- 
astatic melanoma. The tumor in 1 instance 
was discovered on biopsy of 1 of several 
cervical nodes. The source of this lesion re- 
mained inapparent, and death occurred 10 
months later; necropsy was not done. In 
the other case, a metastatic mass was inter- 
preted as a grade 4 malignant neoplasm, 
possibly seminoma. At necropsy 6 months 
later, widely disseminated metastatic mela- 
noma was found, the source of which was 
not located. In the final patient (Case 42), 
biopsy of cervical masses disclosed a grade 
4 malignant neoplasm that subsequently 
was shown at necropsy to be lymphoblas- 
toma of reticulum cell type, apparently pri- 
mary in mediastinum or hilar lymph nodes. 

Surviving group (16 patients). Each of these 
patients had an epithelial tumor in the soft 
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TABLE III.—DATA ON 16 SURVIVING PATIENTS WITH CERVICAI, CARCINOMA OF INDETERMINATE 


ORIGIN 
ae, 
Age, —Enlarged nodes_— Grade of Follow-up 
Case Sex years Duration _—Location* Type malignancy Treatraent period, years 
43 M 80 1 mo. RMDJ Squamous a Radiation, radon seeds 1% 
44 M 49 6mos. RUDJ Squamous 4 Radiation to neck and 446; died of 
thorax coronary occlusion 
45 M 50 2mos. LUD] Squamous 4 Radiation to neck 4% 
46 M 49 17 mos. LUDJ Squamous 2 Radical dissect. 11 
left neck and right supra- 
hyoid, radiation 
47 F 37 2 yrs. RUDJ Squamous 2 Radiation, radon seeds 9% 
48 M 62 3mos. RUDJ Squamous 3 None 6 
49 M 82 2 yrs. RUD] Squamous (?) 3 Radiation to neck 5% 
50 M 47 2mos. RSM Lymphoepith. (?) 4 Radical dissect. 3 
right neck, radiation 
51 M 52 15 mos. LSM Squamous 2 Radical dissect. left neck 3% 
52 F 44 4 mos. RSM Squamous 3 Radical dissect. 3% 
right neck, radiation 
53 M 61 20 yrs. LUDJ Squamous 3 Radical dissect. left neck 2% 
54 F 55 6 wks. LUDJ Squamous 4 Radiation 2 
55 M 41 4mos. RUDJ Squamous 2 Radical dissect. 2% 
right neck, radiation 
56 M 71 4 mos. LUDJ Lymphoepith. (?) 4 Radiation 4% 
57 M 73 2 mos. LMDJ Adenoca. 2 Stilbestrol 2% 
58 M 57 3 wks. LUD] Squamous 4 Radiation to neck and 6% 
(lymphoepith.) nasopharynx 


*See Table II for abbreviations. RSM and LSM = right and left submental. 


tissues of the neck without subsequent evi- 
dence of primary malignant disease. All of 
these tumors were squamous cell or in- 
determinate neoplasms with a single excep- 
tion (Case 57, Table III), in which an 
adenocarcinoma grade 2 was present in a 
middle deep cervical node. A nodule was 
palpable in the prostate but results of all 
other studies were within normal limits. 
The patient felt well 21% years later, at 
which time results of all studies were nor- 
mal and the prostatic nodule was un- 
changed. This patient possibly had carci- 
noma of the prostate, but the source of the 
cervical lesion must be considered inap- 
parent. 

The other 15 patients in the surviving 
group (Table III) included 12 men and 3 
women ranging in age from 37 to 82 years, 
with a mean age of 57 years. All metastatic 
lesions were in the upper portion of the 
neck, 2 being in the submental region and 
13 in the upper or middle deep cervical 
chain. The masses had been present from 3 
weeks to 2 years in all but 1 patient, who 
stated that the lesion had been present for 
20 years. Three patients had squamous cell 
carcinoma grade 2, 6 patients had the same 


lesion graded 3, 4 patients had the same 
lesion graded 4, and 2 patients had grade 
4 undifferentiated neoplasms. The treat- 
ment varied. One patient had rione except 
for local excision, 6 patients had dissection 
of lymph nodes of varying extent, 4 in con- 
junction with radiation, and 8 patients had 
radiation exclusively. Except for 1 patient 
who died 4% years later of unrelated dis- 
ease, all patients have remained well with- 
out evidence of a primary tumor for 1% 
to 11 years after their initial examination. 

Indeterminate group (42 patients). In 42 in- 
stances, the source of the cervical lesion was 
not discovered during life and, with 1 ex- 
ception, necropsy was not done. Thirty- 
nine patients had died 1% month to 36 
months, with a mean of 11 months, after 
diagnostic evaluation, whereas 2 were living 
with extensive recurrent disease and 1 had 
died prior to examination. Twenty-two pa- 
tients had symptoms primarily related to 
the cervical tumor, and 19 complained of 
loss of weight, vague pain, or other non- 
specific symptoms. The lower cervical lymph 
nodes were invaded in 31 of the lesions, of 
which 27 were adenocarcinomas or inde- 
terminate tumors and 4 were squamous cell 
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carcinomas. Upper cervical nodes were in- 
volved in the remaining 11 lesions, 4 of 
which were indeterminate neoplasms or 
adenocarcinomas and 7 of squamous cell 
origin. One of the 11 patients with upper 
cervical lesions and 18 of the 31 who had 
lower cervical tumors had complaints other 
than those referable to the cervical mass. 
There was no notable difference in survivor- 
ship in relationship to the pathologic aspects 
of the neoplasm. 


COMMENT 


With increasingly good medical practice, 
the number of “cryptic” primary tumors 
will diminish. During the period covered by 
the present study, approximately 1,350,000 
patient-visits were recorded; thus, the inci- 
dence of cryptic primary tumors was in the 
order of 1 in 15,000. 

Tumors occurring in various organs pre- 
sent differing patterns of growth. Carci- 
nomas of the lip, anterior part of the tongue, 
buccal mucosa, gingiva, and intrinsic larynx 
tend to be only slowly invasive, producing 
regional and distant metastasis in fairly or- 
derly sequence and with appreciable delay. 
Conversely, lesions of the nasopharynx, pos- 
terior part of the tongue, hypopharynx, 
tonsil, and extrinsic larynx invade early, 
while the primary lesion is small. Early 
spread and poor prognosis are related to the 
relative differentiation of the component 
cells and are closely correlated with the 
microscopic appearance of the lesion. Le- 
sions of great intrinsic malignancy remain 
inconspicuous after producing nodal metas- 
tasis significantly more often than do lesions 
of lesser malignancy. With well differenti- 
ated metastatic lesions, a primary lesion 
should be apparent but may be masked by 
coincident disease or anatomic variations. 

The pathologic type of lesions metastatic 
to cervical nodes is of diagnostic signifi- 
cance. By and large, squamous cell carci- 
noma in a cervical lymph node probably 
originates in the head and neck, whereas 
adenocarcinoma originates in the thorax or 
abdomen. In the 42 determinate cases 








studied, all infraclavicular lesions were 
high grade adenocarcinomas or undifferen- 
tiated tumors, with the single exception of 
the lesion from the urinary bladder. All 
lesions from the head and neck were squa- 
mous cell in type except the easily recog- 
nized thyroidal tumors and the 2 cylindro- 
mas. The considerable number (20 per cent) 
of anaplastic tumors remain an unknown 
quantity, except that they most often arise 
in Waldeyer’s ring (tonsil, nasopharynx, 
base of tongue) or in widely scattered re- 
gions such as the pancreas, stomach, lung, 
and testis. 

The location of metastatic tumors also is 
of importance. The initial metastatic implan- 
tation from tumors of structures of the head 
and neck is almost regularly to the chain of 
lymph nodes regional to the primary lesion. 
The likely primary sites in relation to the 
location of the initial clinically apparent sec- 
ondary tumor are diagrammed in Figure 1. 
These sites should be considered in terms 
of the anatomy of the cervical lymphatic 
chains. In general, metastatic tumors in the 
lower part of the neck that are not squa- 
mous in nature probably arise in abdominal 
or thoracic organs, almost any of which may 
be involved. Upper cervical squamous cell 
lesions usually originate in the epithelium 
of the oral cavity; the lymphoepithelioma- 
tous and transitional cell variants almost 
always come from the nasopharynx or ton- 
sils, and high grade squamous cell epithe- 
liomas usually arise from the base of the 
tongue or the hypopharynx. Subglottic le- 
sions and those from the upper part of the 
esophagus may present in the lower portions 
of the cervical collar. 

Two possibilities exist when the primary 
source of a tumor is not apparent after 
meticulous examination; the tumor either 
represents secondary spread from a hidden 
primary lesion in a neighboring or distant 
site or it has arisen in the cervical soft tissues. 
It was possible with intensive follow-up to 
discover a probable source in almost half of 
the 103 cases studied. Some of these possibly 
were independent primary tumors. Warren 
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and Ehrenreich estimated the incidence of 
multiple primary cancers to be 11 times 
that expected by chance alone, and such 
tumors are commonest in sites such as the 
oral mucosa. 

Almost half of our entire group of pa- 
tients died without real evidence of the true 
nature of the malignant process. It is re- 
grettable that more effort is not made to 
secure an accurate diagnosis when proved 
metastasis is present. The general attitude 
often exists that further diagnostic studies 
are not indicated because they cannot be of 
benefit to the patient, although such in- 
formation may be of real value to the fam- 
ily, the physician, and to medical science. 

Even when necropsy has been performed, 
conclusions may not be drawn when a pri- 
mary lesion is not found. Legal and techni- 
cal considerations limit examination of the 
upper respiratory passages, and lesions in 
these locations frequently are barely visible 
even during life. Carcinomas of the tonsil, 
nasopharynx, pharynx, extrinsic larynx, 
base of the tongue, and floor of the mouth 
tend to be of great intrinsic malignancy, 
invading early while remaining small. They 
are located in regions of meager nerve sup- 
ply, where function is compromised only by 
bulky growths; these regions are relatively 
inaccessible to inspection and present sur- 
faces normally irregular in contour. 

The nasopharynx is the most significant 
source for cryptic metastasis.! New em- 
phasized the silent clinical course, the fre- 
quency of early metastasis, and the early 
invasion of adjacent structures typical of 
such lesions. The great majority of these 
tumors are high grade squamous cell carci- 
nomas derived from the respiratory epithe- 
lium by metaplasia and frequently associ- 
ated with a peculiar lymphoid stroma. 

The pharynx is a less frequent site for 
such hidden lesions. Symptoms due to tu- 
mor are minimal, with infection, pain, or 
dysphagia occurring only late in the course. 


_ 1Carcinomas of the thyroid frequently can be identified as such 
in metastatically involved cervical nodes and the “cryptic” pri- 
mary focus can be unmasked by blind resection of the homo- 
lateral lobe of the thyroid. 





Nasopharynx 


Ant. tongue, floor of 
, Mouth, gingiva, buccal 
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Nasopharynx, 
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_Oral cavity, 
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Thyroid, pyritorm ftossa,~ 
esophagus, thorax and abdomen 


Fic. 1. The crosshatched zones show the usual sites 
for metastatic lesions from primary tumors of the indi- 
cated organs. 


About 90 per cent of these tumors are squa- 
mous cell in type, half of which are high 
grade. Willis reported 3 cases of pharyngeal 
lesions with bulky cervical metastasis dis- 
covered only by careful necropsy; such in- 
stances were not encountered in this study. 

The postcricoid region and the cervical 
portion of the esophagus are said to be 
sources of cryptic metastasis, and. 1 such 
instance was encountered in our series. 
Most such lesions are high grade squamous 
cell carcinoma, with adenocarcinomas and 
other tumors being rare, and they seldom 
give symptoms of obstruction until well ad- 
vanced. The superior deep cervical nodes 
usually are involved first but capricious 
metastasis is not uncommon. 

Posterior lingual and tonsillar carcinomas 
may remain inconspicuous for a long time, 
eluding careful search while producing 
large metastatic lesions. Willis presented 4 
such cases and mentioned others. The re- 
gional drainage from these regions is to the 
upper deep cervical chain, in relation to the 
angle of the jaw, and such tumors are al- 
most always high grade squamous cell car- 
cinomas. 

One cervical metastatic tumor in our 
series arose in the ear. Metastasis from aural 








tumors, most of which are low grade squa- 
mous cell carcinomas, is considered rare, 
although such lesions were present in 5 cases 
reported by Ward and associates. Superficial 
mucosal lesions thought to be in situ carci- 
noma or Bowen’s disease of the buccal 
mucous membrane, not encountered in our 
cases, may possess the ability to invade and 
metastasize; in 1 reported instance, this 
took place 21% years after apparent ablation 
of the original lesion in the floor of the 
mouth. 

The “‘extrinsic larynx,” including the ary- 
epiglottic folds, pyriform sinuses, ventricu- 
lar folds, and adjacent epithelial surfaces, 
is a recognized source of precocious metas- 
tasis; such lesions were not encountered in 
our series. 

Extremely small low grade carcinomas in 
the thyroid gland unquestionably can me- 
tastasize to regional lymph nodes in the 
lateral portion of the neck. King and Pem- 
berton studied cases meeting the criteria for 
‘lateral aberrant thyroid’? tumors; a pri- 
mary tumor was found in 28 of 34 cases in 
which the thyroid was explored. They did 
not find any examples of benign lateral 
aberrant thyroidal tissue in several thousand 
dissections of the neck. Wozencroft and co- 
workers presented 3 such cases in which the 
primary lesions were 1, 1, and 3 millimeters 
in diameter and were found only after the 
entire resected gland had been studied in 
serial section. Our series included 11 in- 
stances of impalpable thyroidal carcinoma 
with large metastatic lesions. As already in- 
dicated, 8 of these primary lesions were less 
than 10 millimeters in diameter. Correct 
diagnosis and therapy would not have been 
possible in these patients but for pathologic 
examination of the metastatic lesion. 

Infraclavicular tumors presenting as cer- 
vical masses and remaining occult for long 
periods are well documented. The lung is 
the most frequent offender in this regard, 
but cervical metastasis from asymptomatic 
and inconspicuous carcinomas of the stom- 
ach, breast, pancreas, ovary, prostate, and 
bladder is on record. In the present series, 
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about one-eighth of cervical metastatic le- 
sions arose from tumors below the clavicles. 
These tumors were poorly differentiated 
adenocarcinomas or “indeterminate neo- 
plasms,”’ in all likelihood too small at the 
time of original investigation to be clini- 
cally detectable. A tumor in any organ 
draining to the cisterna chyli and thoracic 
duct may metastasize to a lower cervical 
node. 

Remaining for consideration is the group 
of 15 patients who had squamous cell carci- 
nomas high in the neck, unassociated with 
past or present tumor, essentially untreated 
or treated by a variety of means, and who 
were living and well 11% to 11 years later 
without subsequent treatment. The eradica- 
tion of an undetected small primary lesion 
in the field of radiation is a distinct proba- 
bility in some instances, particularly the 
lymphoepitheliomas; it is less likely in the 
more radioresistant lower grade squamous 
cell carcinomas. Definite evidence of the 
origin of carcinoma in a branchial vestige 
can be found only rarely and such origin 
cannot safely be presumed in the absence of 
such evidence. No lesion in our series sug- 
gested branchiogenic carcinoma other than 
by virtue of similarity of histologic character 
and location in the anterior cervical tri- 
angle. 

Origin of such tumors in remnants of the 
thyroglossal duct and salivary ducts, from 
mechanical implantation of epithelial cells 
in deep tissues by previous trauma or opera- 
tion, and from “‘self-healing”’ epitheliomas 
disappearing as a result of necrosis and 
sloughing or of regression due to undeter- 
mined factors of “host resistance,” has been 
postulated to explain these cryptic lesions. 


. No convincing evidence is presented in the 


literature, and no case in our series suggests 
these possibilities. 

The course of malignant tumors is vari- 
able and unpredictable. In rare cases, either 
the primary tumor or the secondary im- 
plants apparently have regressed spontane- 
ously. Metastatic cells may remain dormant 
for years in lymph nodes and organs, only 
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to regain vigor and spread rapidly through 
the host. Dobson and Dickey reviewed the 
literature on spontaneous regression and 
emphasized that the variability in the rate 
of growth of malignant tumors must be con- 
sidered in the evaluation of a therapeutic re- 
sult or in estimation of prognosis. 


SUMMARY AND CONCLUSIONS 


A study was made at the Mayo Clinic of 
the records of 1,189 patients who had meta- 
static carcinoma in the cervical lymph 
nodes. The primary tumor was not found at 
initial evaluation in 103 (9 per cent) of these 
patients. 

The primary tumor was found subse- 
quently in 42 of these 103 patients, whereas 
42 patients died without evidence of the 
source of metastasis and 16 patients had no 
further evidence of malignant disease. ‘The 
remaining 3 patients were lost to follow-up. 

A small number of squamous cell carci- 
nomas possibly may be primary in the deep 
tissues of the neck, as shown by long sur- 
vivorship without evidence of a primary 
source after varying or no treatment. Such 
a diagnosis can be made only in retrospect. 
The unpredictable course of malignant tu- 
mors may be the explanation. 

All indeterminate cervical masses should 
be explored surgically after intensive clini- 
cal examination, with precautions to allow 


definitive surgical treatment at the same 
time, or later if indicated. The prognosis 
varies with the location and pathologic 
nature of the cervical tumor, which should 
be determined in each case. 


REFERENCES 


1. Brapy, J. V. The treatment of metastatic cancer in 
cervical lymph nodes. J. Internat. Coll. Surgeons, 
1948, 11: 253-264. 

2. Dosson, LEONARD, and Dickey, L. B. Spontaneous 
regression of malignant tumors. Am. J. Surg., 1956, 
92: 162-171. 

3. Kuitiens, J. A. A review of the microscopic pathol- 
ogy encountered in a series of consecutive cervical 
node biopsies. Thesis, Graduate School, University 
of Minnesota, 1946. 

4. Kinc, W. L. M., and PemsBerton, J. ve J. So- 
called lateral aberrant thyroid tumors. Surg. Gyn. 
Obst., 1942, 74: 991-1001. 

5. Martin, Hayes, and Morrit, H. M. Cervical 
lymph node metastasis as the first symptom of can- 
cer. Surg. Gyn. Obst., 1944, 78: 133-159. 

6. Martin, Hayes, and Romieu, CLaupe. The diag- 
nostic significance of a “lump in the neck.” Post- 
grad. M., 1952, 11: 491-500. 

7. Mayo, C. W., and Lez, M. J. Significance of tumors 
of the neck. J. Lancet, 1950, 70: 420-428. 

8. New, G. B. Syndrome of malignant tumors of the 
nasopharynx; a report of 79 cases. J. Am. M. Ass., 
1922, 79: 10-14. 

9. Warp, G. E., Locu, W. E., and LAwreENce, 
WALTER, JR. Radical operation for carcinoma of the 
external auditory canal and middle ear. Am. J. 
Surg., 1951, 82: 169-178. 

10. Warren, S., and Exrenreicu, T. Multiple primary 
malignant tumors and susceptibility to cancer. 
Cancer Res., 1944, 4: 554-570. 

11. Wruis, R. A. The Spread of Tumours in the Human 
Body. London: J. & A. Churchill, 1934. 

12. Wozencrort, Paut, Foote, F. W., Jr., and Fra- 
ZELL, E. L. Occult carcinomas of the thyroid; their 
bearing on the concept of lateral aberrant thyroid 
cancer. Cancer, N. Y., 1948, 1: 574-583. 











A OR B 


HEDLEY ATKINS, D.M., M.Ch., F.R.C.S., London, England 


THE ANCIENT GREEKS may be said to have 
explored every avenue of knowledge which 
was available to them and they undoubtedly 
reached conclusions in the fields of philos- 
ophy and mathematics which we still use in 


our thinking today. One of the reasons why - 


they failed to contribute even more to the 
sum-total of human knowledge, why only a 
limited number of avenues was open to them, 
was because the city-states of Ancient Greece 
were slave states; manual labor was abhor- 
rent to the fastidious minds of the Greek 
freemen and their conclusions were reached 
only by processes of abstract thought from 
whatever was the Greek equivalent of the 
armchair. 

As we know today, abstract thought and 
armchair argument do not take us very far 
in certain realms of science, particularly in 
medicine, and in order to advance medicine 
it is necessary also to acquire facts. The ac- 
quisition of facts, however, often requires a 
lot of manual work, generally takes a long 
time and seldom gives the same intellectual 
satisfaction as an ingeniously erected theory. 

The surgeon of today is in danger of falling 
into this Hellenistic trap. In the purlieus of a 
surgical congress, in the bedrooms and 
lounges of immaculate hotels there are 
gathered together groups of disputant sur- 
geons developing their favorite themes. 
When the subject under discussion is some 
point of operative detail, the shape of a 
needle, the nature of the suture material, a 
technical trick to overcome a familiar ob- 
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stacle, then such discussions are helpful and 
wholly acceptable, because no appeal to re- 
sults and no control series are possible to 
focus the effect of the modification of one of 
a thousand variables, or to prove that one 
method of doing a job may be better than 
another. 

It is when discussion ranges round some 
matter of principle, when two fundamentally 
opposing methods of treatment are in dispute 
that the dangers of theoretic reasoning ob- 
trude. Perhaps it does not matter very much 
what small groups of surgeons say to each 
other in the cozy atmosphere of parlor dis- 
cussion, but when new principles of treat- 
ment are advocated from the platform or in 
the pages of widely read publications, then 
it is a serious matter if these principles have 
developed solely from theoretic reasoning 
engendered before the shaving-mirror and 
justified in the waters of a hot bath. 

Only a degree less obnoxious is the con- 
fident translation of proved effects on the 
laboratory animal to the solution of prob- 
lems affecting man. We should do well to 
bear more closely in mind the counsel of 
John Hunter to Jenner, wrestling with the 
problem of vaccination: “But why think? 
Why not try the experiment?” 

How many of the problems which now 
assail surgery will continue to fester like an 
unresolved inflammation when their solution 
is attempted only with the turgid solvents of 
rhetoric? When deficient and opposing prin- 
ciples of treatment are in vogue, we must 
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cease to think; we must try the experiment. 
Conflicting methods for treating peptic ul- 
ceration, perforation, acute cholecystitis, 
carcinoma of the breast, and many other 
conditions continue to be hawked by loqua- 
cious peddlers and the end of the argument 
is no nearer than when these problems were 
first mooted. As surgeons, and acting as a 
body, we must organize experiments by an 
appeal to facts in order to settle these ques- 
tions once and for all. 

How is this to be done? We have before us 
the excellent example—one among many— 
of the Medical Research Council in England 
in their investigation into the relative merits 
of cortisone and aspirin in the treatment of 
rheumatoid arthritis. As a result of this 
beautifully designed and meticulously con- 
structed investigation we can now be quite 
sure that, for the general run of cases of 
rheumatoid arthritis, cortisone is no better 
than aspirin.! How much time and money 
have been saved, how much disappointment 
has been avoided, and how much real knowl- 
edge has been gained by this simple expedi- 
ent of an appeal to the facts! 

The method employed here is equally ap- 
plicable to the current problems of surgical 
therapeutics: to such questions, for instance, 
as to the rival merits of radical mastectomy 
and simple mastectomy plus radiotherapy 
for early cases of cancer of the breast. 

The principle involved, a principle with 
which surgeons should be far more familiar 
and should use more often, is that of random 
selection. Suppose that two rival methods of 
therapy, A and B, are advocated for some 
well defined condition and it is desired to 
discover which of the two methods is to be 
preferred. A certain number of cards la- 
belled ‘“‘A” and an equal number of cards 

1Editors’ note: There are some rheumatologists in 
the United States who consider that the experiment 
conducted by the Medical Research Council in Eng- 
land for the purpose of determining the efficacy of 
cortisone was so constituted that accurate interpreta- 
tions could not be determined for there are several 
significant factors which were not adequately consid- 
ered in this study. For example, no consideration 


was given to the known withdrawal effects which 
follow discontinuation of steroid therapy. 
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labelled ‘‘B” are placed in a box. When a 
case of the desired type presents itself, a 
card is withdrawn from the box and which- 
ever method of treatment is written thereon 
is practiced in that particular case. This 
method is to be preferred to that of alter- 
nating between A and B, because if the selec- 
tor is aware of which is next on the list and 
should he have a subconscious inclination 
toward the merits of the method of treat- 
ment next due to be undertaken, he may be 
tempted to exclude from the investigation 
altogether a case for which treatment by 
either method would have a poor chance of 
success. If at the time that he selects the case 
for trial he is uncertain which method is to 
be adopted, this possible source of bias is 
obviated and can only obtrude (and then 
without making much difference) when, 
toward the end of the series, the investigator 
may know that there are more cards of one 
category than the other left in the box owing 
to the chance withdrawal previously of many 
cards of one category in a row. 

Nevertheless, this is the best that can be 
done and it is infinitely superior to the me- 
thod of comparing a series of cases treated by 
the method of A in Spokane with a series 
treated by the method B in Boston. In such 
a comparison, the number of variables in- 
troduced is so confusing as to make such a 
comparison almost worthless. It is possible 
that the surgical skills employed may differ 
in the two localities, the populations may not 
be comparable racially or physically, the 
radiotherapy available may be different, and 
so on. 

Even this, however, is less unsound than 
the method of comparing a series of cases 
treated in Aberdeen after 1941 with a series 
treated before that date, when the variables 
mentioned are equally disturbing and added 
to these is the possible introduction of new 
methods of therapy which the patient can- 
not be denied and which operate altogether 
in favor of the later series. 

An obvious extension of this principle is in 
the investigation of the absolute effect of any 
particular remedy: that is where there is a 
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choice between a certain method of treat- 
ment and no treatment at all. 

For instance, it is often alleged that lum- 
bar sympathectomy, while showing indiffer- 
ent results in regard to relieving a patient 
with peripheral vascular disease from the 
burden of claudication, does protect the 
limb from subsequent gangrene. The gen- 
eral consensus is that it may do so, but we 
are not absolutely sure and there are those 
who believe that it has no such effect and 
would not advocate the procedure for such a 
purpose. Even those who think that sympa- 
thectomy may be effective in this regard 
have no clear idea as to how effective it is, 
and it might well be that they are in for a 
rude shock. By the method of randomiza- 
tion this matter, like so many others, could 
be settled once and for all within a decade. 

We must now consider a most important 
aspect of this problem, namely the ethics of 
such a method of conducting an inquiry 
upon human subjects. The rule is really 
quite simple. If the investigator is himself 
completely open-minded at the beginning of 
the inquiry as to the relative value of the 
two methods of treatment, if he would allow 
the choice to be made upon himself or on 
any member of his family by the flip of a 
coin, then he is quite justified; indeed, given 
the facilities for doing so, he should be 
obliged to randomize his patient in this way. 
As soon as he is convinced that one method 
of treatment is preferable to the other, the 
investigation is no longer ethical and it must 
be abandoned. A practical difficulty is that 
during the course of such an investigation it 
often appears that one method is showing a 
clear lead over the other and the investiga- 
tor is troubled in his mind as to whether he 
should continue. 

At this stage the help of a competent stat- 
istician is invaluable. The statistician will be 
able to say whether the results do provide a 
definite answer to the problem, in which 
case the investigation may be concluded and 
the results published. He may be able to 
reassure the investigator that the apparent 
success of one method of treatment may well 


be illusory and that five consecutive success- 
ful cases by the other method would com- 
pletely upset the balance, and so give him 
the justification for continuing, which indeed 
once having started, he is morally compelled 
to do; or he may be able to express an opin- 
ion as to how many more cases in the two 
series are likely to be necessary, as judged 
by the differences so far observed and pre- 
suming that the same differences would per- 
sist, before the question is answered con- 
clusively. If so, the investigation may be 
expanded by adding the predicted number 
of pairs of tickets to the box and the results 
once more scrutinized when these have been 
exhausted. 

In perusing any surgical journal, it will 
not be long before the reader will be able to 
pick out articles where the promulgation of 
an idea had far better awaited submission to 
the rigors of such a test. We should, in our 
writing, or perhaps more cogently, in our 
refraining from writing, in our editing of 
journals, and in our practice, be more ready 
to submit our findings to the discipline of an 
appeal to reality by the method of randomi- 
zation. If we did so, our results would be 
unassailable, our findings would admit of 
no argument, and a great deal of confusion 
would be avoided. 

Under the prevailing system, it some- 
times takes as much as 20 years to expose 
the fallacy of a “‘good idea,” and in the 
meanwhile much unnecessary suffering, a 
great deal of waste of time, considerable 
argument, the expenditure of large sums of 
money, and a certain amount of loss of life 
may have to be endured before the “‘good 
idea” bursts like a bubble into thin air. 

The pattern of introduction of a new me- 
thod of treatment should be generally as 
follows. It must be based on sound theoretic 
principles; if applicable, it should first have 
been thoroughly tested on laboratory ani- 
mals, and the investigator should have such 
faith in it that he would be willing to allow 
members of his own family to be treated in 
such a manner. From this foundation he 
may issue his challenge to orthodoxy, but it 
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must be a challenge to a fair fight with the 
rules meticulously observed. ‘The crowd at 
the ringside may well voice their approval 
or disapproval as the contest develops, they 
may back their favorite, but the fight must 
continue until there is a clear-cut decision 
and the victor will then be universally ac- 
claimed. ‘“‘Postmortems” on the contest, as 
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to why one or other of the contestants was 
successful, might well point the way to future 
research and lead to fresh enlightenment, 
but in any case one argument will have been 
settled for good and all, and human knowl- 
edge will have been enriched by one unas- 
sailable fact—under the terms of the contest 
—A is better than B. 
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IMPROVED TECHNIQUES IN ORAL CHOLANGIOGRAPHY 
IN THE POSTCHOLECYSTECTOMY PATIENT 


ROBERT M. LOWMAN, M.D., LEONARD DAVIS, M.D., and 
ROBERT LAWSON, M.D., New Haven, Connecticut 


THE TECHNIQUES for the preoperative, nonsur- 
gical visualization of the extrahepatic biliary 
system have already been noted in several re- 
ports. The introduction of newer multi-iodinated 
compounds, such as telepaque, has provided an 
oral cholecystographic mechanism which has 
produced opacification in a significant number 
of cholecystectomized patients. In this evalua- 
tion, comparison studies of the extrahepatic bil- 
iary system were obtained by use of intravenous 
as well as oral dye media. Essentially, therefore, 
this report concerns itself with some modifica- 
tions and refinements of cholangiography which 
have been elaborated by utilizing the oral chole- 
cystographic media. 

From these studies definite regimens were de- 
rived for the evaluation of the cholecystecto- 
mized patient. Some of the problems associated 
with the study of the noncholecystectomized pa- 
tients, i.e., patients with intact gallbladders, 
have also been answered as a result of these 
studies. 

Our preliminary studies with telepaque were 
first begun in 1952. The introduction of the 
newer media has invalidated complicated pro- 
cedures suggested for the visualization of the 
gallbladder and the ductal shadows. The re- 
liability of telepaque in the evaluation of dis- 
eases of the biliary tract has been more than 
adequately substantiated. The experience with 
telepaque has done much to establish oral chole- 
cystography as the basic roentgenographic pro- 


From the Yale Medical Center, Grace-New Haven Com- 
munity Hospital, The Memorial Unit, Yale University School 
of Medicine, New Haven, Connecticut. 


cedure of choice in patients suspected of having 
biliary tract disease. 

Despite many apparent and obvious advan- 
tages of the intravenous iodopamide contrast 
media, the oral administration of radiopaque 
contrast substances has certain advantages. De- 
spite the few reactions associated with the use of 
the intravenous drugs, nausea, vomiting, and 
reactions simulating peripheral vasomotor col- 
lapse are alarming enough to warrant caution 
in the use of this drug as a routine measure. 
Deaths in the New England area from intra- 
venous pyelographic media have tempered our 
judgment with sound respect for reactions en- 
countered with any intravenous contrast sub- 
stance. To this group must be added the cases in 
which the previous history of allergic responses 
to intravenous media prevent or restrict the use 
of subsequent similar intravenous drugs. Major 
extrahepatic ducts were visualized in a high per- 
centage of patients with functioning gallblad- 
ders. Therefore, attempts to determine the inci- 
dence of visualization of the biliary tract in the 
presence of other pathologic conditions were 
undertaken. Various dosage trials were com- 
pleted to determine the circumstances and the 
ability of telepaque to demonstrate the common 
duct following cholecystectomy. The dosage 
plans were as follows: 

In plan 1, telepaque was given in doses rang- 


ing from 3 to 6 grams to a group of 50 patients ~ 


who had had previous cholecystectomies. The 
operative procedure, i.e., cholecystectomy, had 
been completed 2 to 6 months prior to the oral 
cholangiographic studies in 28 of the cases. 
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Eight of the patients had been operated on 1 to 
3 years previously, and 14 patients had been 
operated on 5 to 8 years prior to the study. 
Most of the patients were seen as outpatients. 
No additional medication was utilized other 
than the oral cholecystographic dye. The rou- 
tine prescribed by the manufacturer was ad- 
hered to. Visualization of the extrahepatic ductal 
system in this group of cholecystectomized pa- 
tients was obtained in 11 cases. In 8 of these, the 
visualization was considered adequate enough 
for roentgen evaluation (16 per cent). In the 
remaining group, although visualization was ob- 
tained, it was considered inadequate for diag- 
nostic purposes. 

A low incidence of opacification of the com- 
mon duct was obtained when 3 grams of dye 
were given in the routine prescribed manner, 
and the dose was repeated at the end of 24 hours 
(plan 2). X-ray films were then made at the end 
of 12 to 14 hours following the oral administra- 
tion of dye. If no opacification of the ductal 
system was obtained, the patient was permitted 
to eat, the dye was administered again in the 
evening, and film studies were again repeated 
on the following morning. No additional medi- 
cation was given. In some cases the procedure 
was carried out for 48 hours (plan 3). Of 50 
cases, adequate roentgen demonstration was ob- 
tained in 11 cases (22 per cent). 

Plans 2 and 3 were used to determine if a 
cumulative build-up of the dye could be achieved 
so that visualization of the duct could thus be 
enhanced. The 100 patients used in this above 
study were a selected group. None had been 
jaundiced, the postoperative course had been 
uneventful, and only a few of the patients had 
presented significant complaints. It became ob- 
vious from the results obtained that other ave- 
nues had to be explored and that additional 
adjuncts had to be used if a higher incidence 
of opacification of the ducts in the cholecystec- 
tomized patients was to be achieved. Therefore, 
another dosage pattern had to be devised and 
specific medication be given in order that the 
dye be retained in the common duct. In ad- 
dition, the absorption pattern of iodopanoic 
acid was studied. Iodopanoic acid in the stated 
dosages was administered to patients by T 
tubes. The patients used for the study were 
selected on the basis of the previous operative 
procedure and subsequent course. An attempt 
was made to utilize patients who according to 
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laboratory studies showed no evidence of signifi- 
cant liver disease. 

In this study, the maximum amount of dye 
was excreted in the first 4 hours following the 
administration of the dye. In a similar group of 
patients studied by Twiss and his associates (3, 
4) the maximum excretion was found in 5 hours 
in some cases and in 14 hours in others. 

The problem of drug adjuncts to be used in 
conjunction with oral dyes had already been 
evaluated by many observers. At first, morphine 
sulfate was utilized in this study since its action 
on the smooth muscles of the sphincter of Oddi 
was already well known. In a small group of 
patients, the morphine sulfate was administered 
intramuscularly the morning prior to the film 
examination. This procedure did little to aid in 
the study and emphasized the necessity of de- 
livering the spasm-producing drugs before or 
during the oral administration of the dye. Ac- 
cordingly, 1 grain of morphine was given orally 
in the morning and prior to the film studies. 
The administration of the morphine parentally 
(intramuscularly) offered additional complicat- 
ing problems in the handling of some of the out- 
patients. 

This routine was altered so that paregoric 
(camphorated tincture of opium) could be given 
orally. Plan 4 (telepaque-paregoric technique) 
was thus evolved. The regimen is utilized for the 
attempted visualization of the duct in chole- 
cystectomized patients. Plan 4 is outlined as 
follows: 


Time Telepaque - Paregoric 

8 p.m. 3 grams, 6 pills 2 tsp., 7.78 gms. 
12 midnight 1% grams, 3 pills _ 

6 a.m. 1% grams, 3 pills 2 tsp., 7.78 gms. 


The technique of examination is similar to 
that which we have elaborated in previous re- 
ports. The film studies are begun 12 to 14 hours 
following the first ingestion of the telepaque. 
X-ray films in the posteroanterior, as well as the 
anteroposterior, supine oblique position are 
made prior to the fatty meal. Following ad- 
ministration of the fatty meal, to evaluate con- 
traction of the ducts, studies are also made by 
utilizing the same positions. Laminographic 
studies are made when they are deemed neces- 
sary more clearly to delineate the peripheral 
structures of the common duct areas. 

One hundred forty cases were evaluated by 
this means. Of this group, 30 asymptomatic 
cases were used, 19 of which showed adequate 











filling with oral telepaque. This group has not 
been included in the statistical evaluation. Of 
the 110 remaining cases, the examination was 
undertaken and patients were subjected to the 
procedure because of history symptoms and 
physical findings indicative of disease of the 
biliary tract. This latter group of patients has 
provided the following data. 


DISCUSSION 


By use of plan 4, visualization was obtained 
in 58 patients in this group of 110 previously 
cholecystectomized patients (52.7 per cent). 
Ninty-five patients of the same group were ex- 
amined by means of the intravenous method and 
visualization was obtained in 77 (81 per cent). 
As done by other observers, various laboratory 
studies were undertaken to evaluate the liver 
profiles in an attempt to determine what rela- 
tionships these tests had to the visualization of 
the ductal structures. An attempt was made to 
determine whether or not visualization of the 
ducts could be predicted and correlated with 
certain studies evaluating liver function. 

It was apparent from these studies that the 
serum bilirubin and sulfobromophthalein so- 
dium retention studies were of some significance 
in the prediction of possible visualization. In 
patients with serum bilirubin values above 3.5 
to 4 milligrams and with a sulfobromophthalein 
retention of more than 40 per cent, oral as well 
as intravenous methods usually failed to visual- 
ize the extrahepatic ductal system. On the other 
hand, visualization might be otained in cases in 
which definite increased serum bilirubin as high 
as 4.6 to 4.8 milligrams was present. Visualiza- 
tion with a sulfobromophthalein retention as 
high as 64 per cent has also been reported by 
Wise. On the other hand, failure of visualiza- 
tion or unsatisfactory ductal demonstration fol- 
lowing the administration of intravenous dye 
in patients without jaundice and normal lab- 
oratory findings was also noted. 

In 4 cases complete failure or unsatisfactory 
visualization was noted following the intra- 
venous method. In these same cases, adequate 
visualization was obtained with the oral tele- 
paque-paregoric technique. 

As noted from the data presented, our present 
method of study of the biliary system in the 
cholecystectomized patient is first to use tele- 
paque. In selected cases requiring additional 
studies, the intravenous methods are employed. 
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As yet, no fatalities have been recorded in the 
literature although reactions of varying severity 
have been reported. It is to be expected that the 
intravenous use of any iodine-containing drug 
in an increasing patient population will bring 
forth reports of reactions of varying degree. 

The use of various smooth muscle constrictors 
has become a routine procedure to aid in the 
improved visualization of the ducts. In our 
group of cases, a significant percentage increase 
in visualization of the ducts in the cholecystec- 
tomized patient was obtained when drug ad- 
juncts were employed. In many cases, the degree 
of visualization which can be attained with oral 
cholangiography by use of plan 4 and the drug 
adjuncts is comparable to that obtainable with 
intravenous cholangiography. While the use of 
drug adjuncts has aided in the visualization of 
the ducts, it cannot be relied upon to intensify 
the opacification of the ductal structures sig- 
nificantly. Failure of visualization of the duct 
has been encountered in cases in which there is 
no jaundice or evidence of obstruction or he- 
patic derangement. The opacification by either 
the oral or intravenous methods may not be 
adequate for diagnostic evaluation. 

The distal segment of the common duct is the 
area most poorly defined when either the oral 
or the intravenous cholangiographic technique 
is used. This is the region in which calculi, 
missed following preoperative cholangiography, 
are subsequently demonstrated at operation. 

The factors which act to impede the concen- 
tration of the dye in the gallbladder are numer- 
ous and will not be reviewed here. In all cases 
the functional integrity of the liver determines 
whether or not the contrast substance will be 
absorbed from the blood in sufficient quantity 
to visualize the biliary system. Thus, it is espe- 
cially true that the presence of diminished or 
impaired liver function will result in poor or no 
visualization of the ductal system. Hyperbili- 
rubinemia of any type usually results in an in- 
adequate study—especially when the hyperbili- 
rubinemia is due to extrahepatic obstruction. 

We have noted that in the cases in which a 
definite diagnosis would have been of the great- 
est aid, reliable and adequate roentgen demon- 
stration of the ducts has often not been achieved. 
Subsequent experience, however, may prove 
this observation in error. 

We consider the ability to visualize the com- 
mon duct by the oral telepaque-paregoric com- 
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binations to be significant. The study definitely 
has indicated that oral dye techniques could be 
adequately utilized to visualize the extrahepatic 
ductal system in selected cases in which intra- 
venous dye was contraindicated. Similary, the 
use of the oral dye should be attempted in cases 
in which the intravenous dye has failed to show 
the common duct or the gallbladder. 


SUMMARY 


The utilization of telepaque (iodopanoic acid) 
in association with drug adjuncts produces a 
significant increase in the number of ductal 
visualizations in the cholecystectomized patient 
(52.7 per cent). This observation should be com- 
pared to the low incidence of ductal visualiza- 
tions noted when oral cholecystographic dye 
alone was used in the various plans described 
herein (16 to 25 per cent). Common duct stones, 
as well as cystic duct remnants, have been visual- 
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ized by the improved techniques and proved by 
means of subsequent operative intervention. 
The ability of the oral cholecystographic dye 
to visualize the ducts in a significant percentage 
of cases is important to the surgeon when intra- 
venous media cannot be used or are ineffective. 
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A FUNCTIONALLY AND COSMETICALLY 





SUPERIOR THORACOTOMY INCISION 


DAVID V. PECORA, M.D., F.A.C.S., Ray Brook, New York 


OPEN THORACOTOMY customarily has been per- 
formed through long incisions, often longer than 
is necessary for good exposure. The reason lies in 
the anatomy of the chest, which requires either 
resection of a long length of rib or a long inter- 
costal incision if instability due to interruption of 
a number of ribs is to be avoided. Although it 
has been argued that the length of an incision is 
not important since the healing time is not de- 
pendent upon length, it has been our experience 
that long incisions not only are cosmetically in- 
ferior but are accompanied by increased discom- 
fort and disability. Accordingly, a modification 
of the usual incision was adopted. The skin and 
underlying muscles of the shoulder girdle are in- 
cised approximately in the line demonstrated in 
Figure 1. Often an incision about 6 inches in 
length has proved adequate for lobectomy. The 
scapula is retracted anteriorly and cephalad. No 


From the Ray Brook State Tuberculosis Hospital, Ray Brook, 
New York. 
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Fic. 1. Incision 28 days after wedge resection of right 
upper lobe. 
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ribs are sectioned or resected (Fig. 2). An inter- 
costal incision in the appropriate interspace (usu- 
ally the fourth or fifth for an upper lobe resection) 
is extended from the transverse process almost 
to the costal cartilage. The anterior portion of 
the latter incision is made from the inside of the 
pleural cavity. This procedure permits consider- 
able spreading of the ribs with little danger of 
fracture. 

Although this incision has been employed prin- 
cipally with the patient in the prone position, 
it may be adapted to other positions. It has been 
found that 3 doubled No. 1 chromic gut peri- 
costal sutures are sufficient to approximate the 
ribs. Drainage tubes are brought out through 
separate stab wounds. 

This type of thoracotomy wound not only is 
less deforming but is accompanied by less dis- 
comfort than more extensive incisions. It pro- 
vides excellent exposure; but it can be enlarged 
easily if necessary. 





Fic. 2. Roentgenogram of same patient 19 days after 
operation. 

















VALUE OF THE LEFT LATERAL DECUBITUS 


POSITION IN ‘THE ROENTGENOLOGIC DIAGNOSIS OF 


ACUTE ABDOMINAL DISEASE 


ROBERT W. CURRY, M.D., Orlando, Florida 


ALTHOUGH ALL SURGEONS RECOGNIZE the value of 
a vertical view of the abdomen in the diagnosis 
of acute abdominal disease, few use or have con- 
fidence in the left lateral decubitus position to 
complement or to replace the vertical position 
when it is not technically feasible to use the latter. 
The purpose of this article is to show that the left 
lateral decubitus position may be used with con- 
fidence to supplant the usual erect position of the 
abdomen. 

The vertical view of the abdomen is usually 
taken in conjunction with the supine or prone 
view and is used to demonstrate free air in the 
peritoneal cavity and air and fluid levels in any 
part of the intestinal tract when localization is not 
clear from the supine position. The value of the 
vertical view of the abdomen in the diagnosis of 
free peritoneal air has been recognized for a long 
time and in 1929 Vaughn and Singer (13) 
emphasized that free air could be detected in the 
peritoneal cavity in 86 per cent of their cases of 
perforated peptic ulcer. Other authors such as 
Brown, Sands, and Jacobson and Carter stressed 
the value of the vertical position in the diagnosis 
of free air in the peritoneal cavity but do not 
mention the fact that air can also be detected by 
the left lateral decubitus position. Slater has 
recommended the lateral supine position and 
other authors favor the prone position for the 
diagnosis of free air. Most investigators, however, 
believe that these positions are not as satisfactory 
as the left lateral decubitus position. The latter 
position for the examination of the abdomen has 
been used rather extensively in the European 
countries but has not received the mention that 
it deserves in this country. There have, however, 
been several recent articles which emphasize its 
importance. McLanahan, Watt, and Green say 
that this position has been used too little, and 
Schinz believes that the left lateral decubitus 
position is to be preferred over the vertical. 
Pendergrass and Kirk, Paine and Rigler, Pearce, 
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Meschan, Vaughn and Brams (12), and Hodges 
and Miller all believe that it can be used either 
with or to replace the upright view of the abdo- 
men. In their discussion Hodges and Miller 
point out the fact that as little as 1 cubic centi- 
meter of air can be detected in the peritoneal 
cavity provided that the patient is positioned for 
the x-ray examination for 30 minutes before the 
film is taken, but if as much as 3 cubic centimeters 
of air are present, this prolonged period of posi- 
tioning is not necessary. Paineand Riglerconfirm 
the fact that a small amount of air is readily 
visualized by the x-ray examination and say that 
5 to 10 cubic centimeters of free air can be 
demonstrated. These authors believe that for 
demonstration of a small amount of air both the 
vertical and left lateral decubitus positions of the 
abdomen should be viewed. 

These articles indicate that the left lateral 
decubitus position is of definite value in ques- 
tionable findings demonstrated by the vertical 
view of the abdomen, and it can be used in place 
of the vertical position in patients who are too ill 
to stand. The vertical view of the abdomen has 
been used for a long period of time at Orange 
Memorial Hospital in Orlando, Florida, for the 
diagnosis of free air in the peritoneal cavity and 
intestinal obstruction. However, since it has often 
been very difficult to obtain vertical views of the 
abdomen in critically ill patients, the need for a 
different view to replace the vertical view of the 
abdomen has been very apparent. Although 
most of the authors mentioned believed that the 
lateral decubitus view of the abdomen compared 
in accuracy to the erect view, no definite correla- 
tion was given, and it was my opinion that a 
comparison of the two positions would be very 
desirable. 

The left lateral decubitus position of the abdo- 
men is taken with the patient lying with the left 
side down facing the x-ray tube. The x-ray beam 
is parallel to the floor. The film is either placed 
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Fic. 1. a, Left lateral decubitus view of the abdomen showing a small amount of free air in the 
peritoneal cavity which is better shown in b (an enlargement of the right upper quadrant of the 
abdomen). Note the small sickle shaped shadow along the lateral border of the liver which represents 
air collected between the liver and the lateral abdominal wall. 


in a Potter-Bucky tray which is in the vertical 
position; or a film can be taken by using a grid 
with the film held in the vertical position adjacent 
to the back of the patient. It is preferable for the 
examination to be made in the x-ray department, 
but it can be done as a portable examination on 
critically ill patients. The left lateral decubitus is 
superior to the vertical examination for severely ill 
patients since no effort is required of the patient 
in taking the film. In positioning the patient it is 
very important to show the upper aspect of the 
right side of the abdomen on the film and to in- 
clude the abdomen from the level of the right 
side of the diaphragm down to the level of the 
iliac crest. It is best to have the patient’s body in 
a true lateral position but if the patient is not able 
to stay in this position the examination is still 
accurate. 

Free air in the peritoneal cavity can be easily 
demonstrated in the left lateral decubitus posi- 
tion. The air accumulates in small amounts be- 





tween the lateral border of the liver and the 
adjacent wall of the abdominal cavity. This ap- 
pearance is well demonstrated in Figure 1a and 
b. Figure 1b is an enlargement of the right upper 
quadrant of the abdomen shown in Figure 1a. 
With a larger amount of free air in the peritoneal 
cavity the air runs along the lateral wall of the 
abdominal cavity down to the level of the iliac 
crest and outlines loops of small intestine and 
colon which lie adjacent to the lateral abdominal 
wall. This appearance is characteristic and is 
shown in Figure 2a and b. 

It is usually easy to differentiate the small in- 
testine from the large and in most cases to dem- 
onstrate the stomach. Figure 3 shows slight dis- 
tention of several loops of small intestine, which 
appear to be ileum, with a moderate amount of 
gas in the ascending colon and in the distal por- 
tion of the stomach. In most cases the air in the 
colon gravitates to the ascending colon, but in 
some cases the air may remain in the transverse 
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Fic. 2. a, Vertical view of the abdomen showing a large amount of free air in the peritoneal cavity 
which is collected beneath both sidés of the diaphragm. The diaphragm is rather difficult to see, but 
there is a distance of 2 to 3 centimeters between the left side of the diaphragm and the fundus of the 
stomach, and between the right side of the diaphragm and the upper border of the liver. b, A left 
lateral decubitus view of the abdomen of the same patient demonstrates the large amount of air 
which lies along the lateral abdominal wall and outlines loops of small intestines in this region. 








or in the descending colon. In the stomach, the 
air gravitates to the distal end, but in some pa- 
tients air is also trapped in the fundus. Figure 4a 
and Figure 4b are vertical and decubitus views 
of the abdomen which demonstrate a partial 
small intestinal obstruction. These roentgeno- 
grams show the presence of a normal amount of 
air in the stomach, none in the colon, and moder- 
ate distention of several loops of jejunum and 
ileum. Figure 5a and Figure 5b are vertical and 
decubitus views of the abdomen demonstrating a 
mechanical obstruction of the ileum. These roent- 
genograms show the presence of very little gas in 
the stomach, but there is a moderate amount of 
gas in the transverse colon and moderate disten- 
tion of the ileum and jejunum. Note that in these 
roentgenograms the air and fluid levels are better 
seen in the decubitus view. 

To prove the diagnostic accuracy of the left 
lateral decubitus position of the abdomen, this 





view was used routinely in a series of 119 con- 
secutive cases in which vertical views of the 
abdomen had already been used in suspected 
cases of perforation or intestinal obstruction. 
There was no selection of cases and both positions 
were used in every instance. Some of these pa- 
tients were very ill, and it was difficult to obtain 
an erect view in all cases. The x-ray films taken 
were compared for the detection of free air or 
fluid in the peritoneal cavity; for the presence of 
air and fluid levels in the stomach, small intes- 
tines, colon, and peritoneal cavity; and for identi- 
fication of the stomach, small intestines, and 
colon. 


DISCUSSION 


Detection of free air in the peritoneal cavity. Free air 
was seen in the peritoneal cavity on both films in 
6 cases. In 1 case it was seen clearly in the vertical 
position with questionable demonstration in the 








Fic. 3. 


decubitus position. In 1 case it was seen in the 
decubitus view but not in the vertical view, and 
in 1 case it was seen clearly in the decubitus view 
with questionable demonstration in the vertical 
view. In the 1 case in which there was a question- 
able demonstration of free air in the decubitus 
position, the air could be seen in retrospect but 
it was not clearly demonstrated due to motion of 
the patient. In 1 casein which air was not demon- 
strated in the upright position, there was no 
obvious technical factor to account for this fact 
unless the patient had not been in the vertical 
position long enough for the air to gravitate be- 
neath the diaphragm. In the other case in which 
the air was not shown in the vertical position, 
there was slight motion of the diaphragm which 
might have accounted for the fact that the air 
was not demonstrated. In no case was free fluid 
demonstrated in either the decubitus or vertical 
views of the abdomen. Some of the cases sug- 
gested the possibility of a small amount of fluid 
but on no examination were the changes con- 
clusive. 

Air and fluid levels in the gastrointestinal tract. 
Stomach.—Air and fluid levels were not seen in 
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Fic. 3. This left lateral decubitus view of the abdomen 
clearly demonstrates the appearance of the ileum, the as- 
cending colon, and the stomach. 

Fic. 4. a, A vertical view of the abdomen which shows 
an early small intestinal obstruction. There is moderate 
distention of loops of jejunum and ileum which contain 
air and fluid levels. There is no appreciable gas in the 
colon. b, This is a left lateral decubitus view of the abdo- 
men of the same patient. The loops of small intestines 
with air and fluid levels are again clearly demonstrated. 

Fic. 5. a, A vertical view of the abdomen which shows a 
partial mechanical obstruction of the ileum. The disten- 
tion of the small intestines is clearly seen. There is a mod- 
erate amount of gas in the transverse colon. b, A left 
lateral decubitus view of the same patient demonstrates 
the air and fluid levels in the small intestines better than 
in the vertical view. The gas in the colon is again clearly 
demonstrated. There is very little gas in the stomach on 
either film. 


the stomach in 32 cases; were seen on both films 
in 75 cases, in the vertical position in only 5 cases, 
and in the decubitus position in only 7 cases. The 
fact that they were seen in the vertical view in 
only 5 cases is probably due to the difficulty of 
identifying the stomach in the decubitus position, 
and that they were seen in the decubitus view in 
only 7 cases was probably because the patient 
was not in a truly erect position. It should be 
emphasized that if a patient is only tilted part 
way up to the vertical position, air and fluid 
levels are difficult to see and may not be identified 
at all. 

Small intestines.—In 47 cases air and fluid 
levels in the small intestines were not demon- 
strated in either position. In 58 cases air and 
fluid levels were demonstrated in both views; in 
14 cases in the decubitus view only; but in no 
case were these levels demonstrated in the vertical 
position without being demonstrated in the de- 
cubitus position. This is explained by the fact 
that the patient was not in the true vertical posi- 
tion, although in a few cases the air and fluid 
levels may be obscured by technical factors such 
as motion of patient or underexposure of film. 





Curry: VALUE OF LEFT LATERAL DECUBITUS POSITION 631 








The colon.—In 109 cases air and fluid levels 
were not seen in the colon in either position. Air 
and fluid levels were seen on both films in 4 cases 
with questionable identification in 2 cases. Air 
and fluid levels were seen in 4 cases in the 
decubitus view only, but in no case were air and 
fluid levels seen in the vertical position only. 

Air and fluid levels in the peritoneal cavity. In none 
of the patients examined were there air and 
fluid levels in the peritoneal cavity. 

Identification of gastrointestinal tract. Stomach.— 
The stomach could not be identified on either 
film in 15 cases but it was seen on both films in 
89 cases. In 13 cases it was identified in the verti- 
cal but not in the decubitus view, and in 2 cases 
it was seen in the decubitus but not in the vertical 
view. This observation clearly demonstrates that 
although in most cases the stomach can be identi- 
fied in either view the erect position is superior to 
the decubitus in some cases. 

Small intestines. —In 37 cases the small intes- 
tine could not be identified on either film but was 
identified on both films in 72 cases. In 1 case it 
was seen in the vertical but not in the decubitus 
position. In 9 cases it was identified in the decubi- 
tus but not in the vertical position. These figures 
would seem to indicate that in some cases there is 
definite value to the left lateral decubitus position 
in the identification of loops of small intestine. 

The colon.—The colon was not identified on 
either film in 23 cases but it was seen on both 
films in 83 cases. In 1 case it was seen in the ver- 
tical but not in the decubitus view. In 12 cases it 
was seen in the decubitus but not in the vertical 
view. Here again, the superiority of the left lateral 
decubitus position over the upright position in 
the demonstration and identification of the in- 
testine is shown. 


SUMMARY 


The following conclusions can be drawn from 
the present study: 

1. The left lateral decubitus position can be 
used to replace the vertical position of the abdo- 
men and is of comparable accuracy in demon- 
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strating free air in the peritoneal cavity and air 
and fluid levels in the small intestine and colon. 

2. In a few cases both the vertical and the left 
lateral decubitus views will be required for the 
demonstration of free air in the peritoneal cavity 
or for the demonstration of intestinal obstruction. 

3. These results indicate that in every case in 
which roentgenograms are made to diagnose 
acute abdominal disease both a vertical and left 
lateral decubitus view of the abdomen, in addition 
to the usual supine view, should be taken with the 
realization that the left lateral decubitus may be 
substituted for the vertical position when it is not 
possible to take both views. 
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Reviews of New Books 


THE FIRST EDITION of the classic in English, Border- 
lands of the Normal and Early Pathologic in Skeletal 
Roentgenology,' translated from the fifth German edition 
appeared in 1928, James T. Case supplying the 
American preface. A second edition in English ap- 
peared in 1935. Both editions were completely sold 
out and copies obtained only by accident or at a 
premium after the commencement of the second 
World War. It became the good fortune of the pub- 
lishers to have access to the material for the revised 
tenth German edition prior to its printing in Stuttgart. 

This book by Alban K@Ghler, as indicated by the 
many editions and reprintings, has long since estab- 
lished itself as a classic throughout the world. It has 
been translated not only into English but also into 
French, Italian, and Spanish. It has been completely 
rewritten and revised as to illustrations and text by 
E. A. Zimmer but the Kéhler tradition has been pre- 
served. The present work is devoted entirely to nor- 
mal variations seen in skeletal roentgenography with 
references to the pathologic when this is pertinent to 
the differentiation. The format is anatomic in ap- 
proach and is broken down into individual bony 
structures. 

It is difficult to conceive of any normal or variant of 
normal that has not been included in this book, and 
all are well illustrated. The bibliography in this Eng- 
lish version has been much augmented by Case to 
include references to the English language medical 
journals. 

Zimmer is deserving of great credit and gratitude 
for so ably rewriting and revising a book which has 
been so helpful in the past. To Case and the publishers 
goes a deep note of gratitude and appreciation for 
their untiring efforts in obtaining the material even 
before it was printed in German and making it avail- 
able in English. In translating, arranging, and editing 
this most valuable book Case has made a classic con- 
tribution to English medical literature. 

The fundamental importance of the information 
compiled in this volume makes it one of the most im- 
portant reference books any roentgenologist or ortho- 
pedist can add to his library. It is recommended 
without reservations. Earl E. Barth. 


'BORDERLANDS OF THE NORMAL AND EARLY PATHOLOGIC IN 
SKELETAL RoENTGENOLOGY. By Prof. Alban Kéhler. Completely 
revised with reference to illustrations and to text by Doz. Dr. 
E. A. Zimmer. 10th ed. Translation arranged and edited by 
’ James T. Case, M.D., D.M.R.E.(Camb.). 723 pages, 1300 illus- 
trations. $24.50. New York and London: Grune & Stratton, 1956. 
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THE BOOK entitled The Recovery Room? by Max S. 
Sadove and James H. Cross is a new edition touching 
on a very timely medical subject. 

The book embodies an attractive format with readi- 
ly legible type and numerous pertinent illustrations. 
In addition to the editors there are 25 contributing 
authors who touch upon all phases of medical care, 
particularly as related to the postoperative patient. 
The sections on pulmonary and cardiac surgery are of 
current interest because these fields are being devel- 
oped in all major hospitals and their care needs be 
delineated. 

The authors have brought forward the new idea of 
an intensive therapy center, which includes, and even 
goes farther, than the original concept of a recovery 
room. This is important, and in step with the modern 
advances of medical care. It provides much more ef- 
fective care for the patient, and, at the same time, 
effects utmost conservation of personnel. 

The book is informative for all physicians, particu- 
larly surgeons. It should be available to all house offi- 
cers as a guide to patient care. Above all, it should be 
consulted by all surgical planning committees and 
administrators who anticipate revising their surgical 
facilities. —John D. Coe. 


BoEMINGHAUS’ SHORT MONOGRAPH of 59 pages entitled 
Harnableitung in den Darm’ deals with the various forms 
of ureterointestinal anastomosis and the construction 
of substitute bladders. The subject is briefly but thor- 
oughly presented. The historical review is especially 
well done, and the list of references is very complete. 
The author’s practical approach to the problem re- 
veals an extensive personal experience with the various 
operative procedures. The illustrations are excellent. 
—Frederick A. Lloyd. 


SuPPLEMENT I to Aélas of Exfoliative Cytology aims quite 
successfully to correlate the cytologic with the histo- 


2Tue Recovery Room; IMMEDIATE PosTOPERATIVE MANAGE- 
MENT. By Max S. Sadove, M.D., and James H. Cross, M.D. With 
contributions by 24 authorities. 597 pages, illustrated. $12.00. 
Philadelphia and London: W. B. Saunders Co., 1956. 

S3HARNABLEITUNG IN DEN Darm; URETERO-SIGMOIDOSTOMIE 
uND Darm-ERSATZBLASENBILDUNG. By Professor H. Boeming- 
haus. 59 pages, 57 illustrations. DM 15. $3.60. Stuttgart: Georg 
Thieme Verlag, 1956. 

4Artas oF Exrouiative Cytotocy—Suppiement I. By 
George N. Papanicolaou, M.D., Ph.D. 43 pages, 16 plates. $4.00. 
Cambridge, Mass.: Published for the Commonwealth Fund by 
Harvard University Press, 1956. 





pathologic findings in cases of malignant and non- 
malignant tumors from various organs. The orderly 
sequence, excellent photomicrographs, and concise 
descriptions all attest to the thought and care given to 
the preparation of this report. It is, therefore, a valu- 
able and a welcome addition to the original atlas, 
previously reviewed. — Mark C. Wheelock. 


THE FIELD OF ANTIBIOTIC THERAPY has progressed so 
rapidly in recent years that periodic reviews of its sta- 
tus are not only valuable, but necessary. The authors 
of Antibiotics and Antibiotic Therapy; a Clinical Manual’ 
have made such a review approximately 10 years after 
the widespread clinical introduction of penicillin. The 
book consists of a presentation of the general principles 
and fundamentals of antibiotic therapy, a review of 
the values and limitations of the antibiotic agents 
currently in use, and a discussion of the effectiveness 
of antibiotics against various microorganisms and the 
diseases produced by them. The indications for the 
effective use of these agents, their contraindications, 
reactions, and superimposed infections are also given 
in some detail. 

Recommendations of the “‘drug of choice” in the 
prevention and treatment of different diseases are 
made by the authors but their selections are necessarily 
controversial and would not be, in many instances, 
the “drugs of choice” of other authorities in this field. 

In general, the medical point of view is presented 
by the authors, and less reference is made to surgical 
infections and their special requirements for anti- 
biotic therapy than to medical infections. Only one 
chapter is concerned with the use of antibiotic agents 
in surgery and surgical infections. Similar chapters 
are concerned with the use of these agents in neuro- 
surgery, urology, gynecology, otolaryngology, and 
ophthalmology. 

The book is recommended as a compendium of 
practical knowledge useful in everyday clinical prac- 
tice. —W. A. Altemeier. 


A REALLY MAGNIFICENT PUBLICATION, Roentgenologische 
Differentialdiagnose der Knochenerkrankungen® is beauti- 
fully and clearly printed on especially good paper. 
The book is more or less on the order of an atlas, 
because of the numerous illustrations, but the text 
is concise, though adequate. Most of the illustrations 
are of original size, or have been reduced not more 
than half, and illustrate the pathologic roentgen find- 
ings described in the text unusually clearly. This is 
the first major publication coming out of Germany 
in which the illustrations are in the negative, that 
is, just as in the original films; the bones look white 
and the soft tissues dark. There are only a few ex- 
ceptions to this statement. 

It is really a pleasure to consult this work because 
of the excellent classification of its contents and the 
excellent index. The theme of differential diagnosis 


SANTIBIOTICS AND ANTIBIOTIC THERAPY; A CLINICAL MANUAL. 
By Allen E. Hussar, M.D., F.A.C.P., and Howard L. Holley, 
M.D., F.A.C.P. 475 pages. $6.00. New York: The Macmillan 
Co., 1954. 
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Assisted by Ilse Ladstéter. 903 pages, 518 illustrations. DM 
270.— $64.35. Stuttgart: Georg Thieme Verlag, 1955. 
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has had special emphasis in this work. The great 
diversity of bone disease would require a very large 
volume, and therefore space requires a certain limita- 
tion of material; so the inflammatory diseases, some 
of the rarer infections, and the multiplicity of the 
traumatic lesions have been considerably abridged. 
There are in existence excellent monographs and 
comprehensive handbooks on these subjects. 

In this book particularly extensive space has been 
given over to the discussion of benign and malignant 
tumors of the skeleton, emphasizing repeatedly the 
importance of the earliest possible correct diagnosis, 
since it is just in these cases that an early correct 
diagnosis is an essential factor for the necessary treat- 
ment. The roentgen findings have been especially 
emphasized, but with the realization that they rep- 
resent only a supplement of the entire examination. 

The individual bone diseases are arranged according 
to their localization, thus rendering it somewhat easier 
to consult the work. We find the large format of il- 
lustrations a distinct advantage. The reproduction of 
the roentgenograms in the negative, which for some 
years has been preferred in the Anglo-American liter- 
ature, has been chosen in spite of the greatly increased 
difficulty of reproduction. The authors have, after 
consulting a large circle of colleagues, concluded that 
this form of reproduction more nearly approaches 
the viewpoint of the average roentgenologist. We have 
only praise for this excellent work. 

— James T. Case. 


ONE OF A SERIES of surgical monographs entitled 
Chirurgie des glandes salivaires' by Henri Redon is pub- 
lished in France by Masson et Cie. It is written under 
five general headings: Trauma of the Parotid Region, 
Tumors of the Parotid Gland, Inflammatory Con- 
ditions and Dystrophies of the Parotid Gland, Pathol- 
ogy of the Submaxillary Gland, and Pathology of 
the Aberrant Salivary Tissue. 

Gunshot and incised wounds are discussed from 
the standpoint of management of the acute injury 
and its aftermath. Early suture of the divided facial 
nerve is stressed. Schemes for management of per- 
sisting salivary fistulas and facial paralysis are discussed. 

In the chapter on parotid tumors the surgical anat- 
omy of the region is presented. The author stresses 
the presence of a plane of cleavage between a super- 
ficial and deep lobe of the parotid gland with the 
facial nerve traversing this plane. This idea seems 
an oversimplification of the anatomy to this reviewer 
who finds endless distortions produced by tumors. 

The author’s personal statistics are from a series 
of 465 cases operated upon by him, or on his service. 
He believes that the term “mixed tumor” should be 
abandoned as “propagating a histological error and 
unfortunate misunderstanding which causes too many 
surgeons to perform inadequate treatment.” He pre- 
fers the term “‘épithéliomas remaniés.” His classifica- 
tion otherwise agrees with the customary concept. 
Mucoepidermoid tumors are not listed as a separate 
group. 

The author stresses the importance of an adequate 
operation with facial nerve preservation for the treat- 


7CHIRURGIE DES GLANDES SALIVAIRES. By Henri Redon. 282 
pages, 77 illustrations. 2.900 fr. Paris: Masson et Cie, 1955. 
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ment of benign tumors of the parotid and cites the 
frequency of recurrence of “‘mixed tumors” as an in- 
dication for total parotidectomy, and attributes many 
of these recurrences to the presence of tumors of mul- 
ticentric origin. In the opinion of this reviewer, tumors 
of multicentric origin are very rare, but clusters of 
dumors and multiple tumors due to seeding at time of 
biopsy and tumor spillage at operation are common. 

The section on sialography is complete. The illus- 
trations are revealing and well reproduced. The au- 
thor seems to rely considerably on the sialogram for 
differential diagnosis of all parotid conditions. 

The author differentiates between “true” cancers 
of the parotid and cylindromas, placing the cylindro- 
mas between ‘“‘épithéliomas remaniés” and “true” 
cancers in seriousness. The clinical behavior of the 
cylindromas is favorably presented. 

Radical surgery for the treatment of parotid cancers 
is described. 

This book is well organized and well written and 
reflects the obvious experience of the author in this 
field. —Louis T. Byars. 


THE SECOND EDITION of Gynecologic Cancer’ is more than 
mere reiteration of important material previously 
(1951) well portrayed. Its publication has enabled 
the author to delete or de-emphasize statistics and 
techniques which no longer accurately reflect the pres- 
ent-day attack on cancer of the female genital tract. 
This is especially true of the discussion of carcinoma 
of the cervix. Five years of experience accumulated 
from many institutions have facilitated the delineation 
of a more clear-cut choice between surgery and irra- 
diation than previously existed in the minds of many 
who were perhaps unduly impressed by the possibil- 
ities of the radical operation. Corscaden rightly de- 
cries the unfortunate appeal of the surgical approach 
and the resultant increase in the number of inade- 
quately treated patients. 

The present edition is more than 175 pages larger 
than the original, the bulk of the increase going to 
those sections dealing with the diagnosis of cancer and 
with carcinoma of the cervix. The chapter on carcino- 
ma of the corpus was properly split into two chapters 
pertaining to malignancies of the endometrium and of 
the myometrium, respectively. The added emphasis 
on early detection of neoplasm is timely. Current 
Statistics dispel the pessimism which once pervaded 
the subject of genital cancer as it becomes apparent 
that rates of cure rise with prompt discovery of begin- 
ning cancer and with thorough application of ac- 
cepted modes of treatment. Indeed, one is impressed 
that the greatest value of Corscaden’s book is in its 
plea for the wider adoption by the “‘generalist” of the 
already known and relatively simple techniques of 
diagnosis, rather than in the detailed descriptions of 
treatments which are most effectively carried out by 
specialists in large centers. He emphasizes that the 
general practitioner on whom the majority of patients 
will rely must make an aggressive attack on genital 
cancer not only by being alert to the significance of 
minor symptoms but also by routine and periodic use 

8GynecoLocic Cancer. By James A. Corscaden, Ph.B., M.D. 
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of pelvic examination, cytologic spread, and tissue 
biopsy. And he painstakingly has condensed a vast 
amount of the pertinent literature into a not unwieldy 
volume. 

The book should serve a useful purpose in the ori- 
entation of medical students and interns and should 
not be omitted from the library of residents in those 
specialties which embrace the treatment of gyneco- 
logic cancer. For those already in practice careful 
reading of the volume should be rewarded by a fresh 
perspective of the problem and its management. An 
extensive bibliography at the close of each chapter 
affords a convenient springboard for more intensive 
study. The format and style contribute greatly toreada- 
bility and would be beyond reproach except for a re- 
markable number of typographic errors. 

—Elizabeth Mussey. 


THE AUTHOR has attempted to write a factual treatise 
on modern keratoplasty and how well he has suc- 
ceeded can be ascertained by reading the excellent 
book entitled Corneal Grafts.® Rycroft has obtained 
the collaboration of most of the outstanding authori- 
ties on corneal transplantation in the world, and has 
presented his material in a clear, concise manner. 
The chapters are well integrated in spite of the diffi- 
culty of translating some of the texts and correlating 
the work of so many different authorities. In addition 
to giving the indications, contraindications, tech- 
nique, and complications of penetrating and non- 
penetrating keratoplasty and keratectomy, a brief 
but excellent history is included. 

The work on anatomy and physiology of the cornea, 
as well as the pathology of corneal grafts with a good 
deal of experimental work included, adds greatly to 
the scientific value of this excellent collection of mono- 
graphs. In several places, Rycroft gives credit to the 
magnificent book by Louis Paufique, Sourdille, and 
Offret for what this volume has meant to him in the 
preparation of his volume. 

Franceschetti and Maeder point out in their fine 
chapter on “Indications,” that the reasons for per- 
forming keratoplasty are optic, that is improving vi- 
sion in corneal affections, therapeutic for stopping an 
evolutionary process or stimulating the clarification 
of a scar, and third esthetic. They point out that the 
Shirmer test should be performed in order to de- 
termine that the lacrimal secretion is normal and that 
if the secretion is abolished, the operation should be 
abandoned because of certain failure. 

Barraquer Moner, whose chapter on operative 
techniques is beautifully illustrated, makes a point of 
preliminary flattening of the cornea in keratoconus 
in order to cut a proper graft in these difficult cases. 
His suggestions for the management of operative ac- 
cidents should be read by everyone who is doing cor- 
neal surgery. In this reviewer’s opinion, Paufique’s 
insistence upon the great value of lamellar kerato- 
plasty is well founded and most objections are un- 
founded because of the advances in technique and the 
uses of antibiotics. The main argument against this 


9CorRNEAL Grarts. Edited by B. W. Rycroft, O.B.E., M.D., 
D.O.M.S., F.R.C.S. (Eng.). With a foreword by Sir Cecil 
Wakeley. 298 pages, 155 illustrations. $13.50 St. Louis: The 
C. V. Mosy Co.; London: Butterworth & Co. Ltd., 1955. 








type of corneal graft is the “unavoidable” opaque 
connective tissue which may remain behind the graft. 

Papers by Castroviejo review his experiences in 
corneal grafting, and his contributions to the subject 
of corneal transplantation are outstanding. 

Those interested in advanced work in keratoplasty 
should read Sourdilie’s chapter on special methods. 
He cautions against the use of sutures “in hot kerato- 
plasties,” the term used by Franceschetti to designate 
an eye that is markedly inflamed. Tassman’s glue ap- 
pears to Sourdille to favor vascular proliferation. 
Sourdille recommends the use of plastic caps in all 
lamellar grafts and particularly in therapeutic grafts. 
His “preparatory operation” is “must reading” for 
everyone interested in corneal grafting. 

In the chapter by Tudor Thomas on penetrating 
grafts, he again cautions against the use of cortisone 
in the first week, and he prefers not to use it until after 
the tenth day. 

Amsler considers the special features of keratoplasty 
and his method of removing only the cornea and cut- 
ting the cornea from the posterior surface after ap- 
plying it to a paraffin bed, produces a healthier graft 
because of much lessened trauma. Removing the 
cornea alone preserves the eye for other examinations. 

Billingham and Rycroft discuss the preservation of 
the donor material and without this type of knowl- 
edge, no one should undertake corneal grafting. 

Maumenee has studied the biologic problems in- 
volved in this work and concludes with points of 
clinical importance in the subject. He states that 
radiation therapy frequently makes a poorer bed for 
a graft than a moderately vascularized cornea; also, 
that cortisone should be used postoperatively to dis- 
courage vascularization. Most important is that if the 
cornea is highly vascularized, the graft should be as 
small as possible to reduce the dose of antigen. 

Paton considers the donor material and the law as 
well as the question of eye banks. In his conclusion he 
points out that regulations hampering the physician 
in the use of cadaver cornea have been removed in 
England, South Africa, France, Tunis, Morocco, 
Syria, Spain, India, and Alaska. It is hoped that ex- 
tension of this program will permit the use of donor 
material in other parts of the world. 

Rycroft’s chapter on “Results” indicates that there 
is much more to learn concerning the entire subject 
of corneal grafting, but it is also most encouraging 
that the vision of so many patients with corneal lesions 
has been improved and that with increased knowl- 
edge more may be helped. 

The excellent bibliography of 28 pages is fairly 
complete and invaluable to the student of this entire 
subject. The index has been carefully written, and the 
publisher’s preparation of the volume is excellent with 
clear type and ample margins. If one could criticize 
such an excellent book, one might suggest the use of 
more illustrations, especially in the chapter by Sour- 
dille. —Conrad Berens. 


THE VOLUME entitled Plastic Repair of Gentto-urinary 
Defects by George Bankoff includes more than the title 
10PLastiIc REPAIR OF GENITO-URINARY Derects. By George 


Bankoff, M.D., D.Ch., F.R.C.S. Ed., F.R.F.P.S. 355 pages, 86 
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suggests. Its 27 chapters start with “Embryology of the 
Genito-urinary System” and end with ‘Impotence 
in the Female.” In between, congenital and acquired 
abnormalities of structure are listed and discussed in 
more or less detail. However, considerable space in 
the third part, consisting of 9 chapters, is devoted to 
‘Fertility in Men,” “Impotence,” “Sterility in the 
Female,” ‘Aetiology and Diagnoses of Sterility in 
Women,” ‘Determination of Time of Ovulation,” 
“Endocrine Glands and Sterility in Women,” “‘Sur- 
gical Treatment of Female Sterility,” ““Absence of 
Orgasm in the Female During Coitus,” and “Im- 
potence in the Female.” 

Part 2 consists of 15 chapters related to the title of 


- the book. Details of operative procedure are not suffi- 


cient to guide an inexperienced surgeon, and the 
material is presented with insufficient critical evalua- 
tion to serve as an authoritative aid in the selection 
of the operation to be used in a given condition. In 
dealing with the problem of urinary diversion follow- 
ing cystectomy or exstrophy of the bladder, the tech- 
niques of Maydl (1892), Coffey (1928), and Wins- 
bury-White (1933) are described without indication 
of the author’s preference. Neither is there any dis- 
cussion of complications or results. More modern 
techniques of ureteral implantation are not men- 
tioned, and the use of isolated intestinal loops for 
bladder substitution is not discussed. 

In the same chapter certain misinformation is con- 
tained such as: “‘In exstrophy of the bladder, bone 
grafting to bridge the gap of the symphysis pubis is 
also necessary.” 

In the chapter on “Anomalies of the Penis” the 
author correctly states that hypospadias is the most 
frequent deformity of the male urethra but does not 
recommend an operative procedure based on his ex- 
perience. A number of operations are described but 
details are insufficient. Seven operations are men- 
tioned but the author says they differ only in minor 
points one from the other. This is inaccurate since 
urethral reconstruction is done in one, for example, 
from a scrotal flap and in another from a free skin 
graft. A method of urethral reconstruction involving 
the transplantation of a vein is recommended “as 
useful in grown-up people because it is easy to find a 
good vein in the leg.” The author overlooks the fact 
that a vein has a sensitive endothelial lining and be- 
comes occluded with minimal irritation. This is il- 
lustrative of the lack of critical guidance throughout 
the book. Popular techniques, such as the Dennis 
Brown operation, are not mentioned. 

No photographs are used, but the book is illustrated 
by drawings which are not uniform as to style or 
quality. In many instances, this reviewer found the 
drawings primitive and useless. 

The bibliography lists 48 references to the litera- 
ture, 8 of which are to textbooks. None of the remain- 
der is later than 1948. 

In the opinion of this reviewer, the author attempts 
to cover too much territory, he is not up-to-date, he 
does not point out the pitfalls and complications or 
the deficiencies of many operations, and he does not 
distinguish between preferred procedures and other 
material which has been included. 

—Louis T. Byars. 

















ForTy AUTHORS compiled the Textbook of British Sur- 
gery, and it is designed to cover the entire field of 
surgery in 3 volumes. The first volume relates to ab- 
dominal surgery. The title is however somewhat mis- 
leading as it suggests that British surgery is somehow 
different. The topics discussed, the presentation of the 
material, and the methods of evaluation and treat- 
ment are not dissimilar to other texts. A ““Textbook 
of Surgery by British Authors” might be a more de- 
scriptive title. Notably absent is any reference to 
problems of intra-abdominal female sex organs. Some 
subjects such as the stomach and duodenum, the liver 
and extrahepatic biliary systems are extensively pre- 
sented, and these subjects comprise two-fifths of the 
book. Other important subjects are accorded less 
space. This is to be expected in a volume with many 
authors, each treating his subject in his own way. 

The chapter on surgical anatomy is limited to the 
musculature and short descriptions of various in- 
cisions. Included in this chapter are short discussions 
of abdominal injuries and intestinal fistulas. The ap- 
parent reason for this grouping is that these subjects 
are presented by the same author. Crohn’s disease and 
intra-abdominal actinomycosis do not appear to be 
of sufficient importance in relation to the other sub- 
jects to require separate chapters in a book so limited 
in scope, nor does the chapter on peritoneoscopy be- 
cause of the limitation of its use seem in place, except 
possibly because authors of most textbooks do not 
consider it worthy of presentation. Therefore, for one 
who wishes a short enthusiastic discussion of peri- 
toneoscopy—it is here. 

If there is a plan in the sequence of chapters it is 
not apparent. Acute intestinal obstruction and neo- 
natal intestinal obstruction are separated by four 
chapters, and the chapter on actinomycosis is inter- 
posed between the chapter on the colon and that on 
the rectum and anus. 

References are also variable; some chapters have 
none or only few, others many and excellent refer- 
ences. The references are mostly from British or Amer- 
ican sources, but it is interesting to note that some 
authors use one or the other almost exclusively. 

Illustrations are not profuse but, in general, are 
good. This is especially so of the line drawings which 
are simple and easily understood. 

It is not possible for a reviewer to avoid finding 
statements with which he would not agree unless he 
limited such activity to his own works. In general, the 
material presented is well accepted and not contro- 
versial in nature. While the preface indicates that the 
book is presented to meet the requirements for candi- 
dates for higher examinations, it is doubtful if the 
book would be useful for candidates for the American 
Boards except for a concise clinical review. The 
physiologic backgrounds of most problems are not 
extensively treated, and the problems of water bal- 
ance are sketchily mentioned. 

The chapters on the colon and on the rectum and 
anus are excellent. The subject is covered in a com- 
prehensive but terse clear fashion. Throughout the 
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book one is impressed by the plain, direct English 
without excessive words, and this feature makes 
for easy, pleasant reading material. 

—Charles G. Johnston. 


A WELL ORGANIZED, stimulating, and highly informa- 
tive study of the normal temporal bone has been 
written by M. Juster and H. Fischgold of Paris. Their 
book entitled Etude radio-anatomique de I’ os temporal"? is 
highly recommended to all interested in this most in- 
tricate structure in particular, and in anatomic stud- 
ies in general. 

Radiographs of 3 millimeter sections of the tempo- 
ral bone in the axes of the Law, Stenver’s, and verti- 
comental roentgen projections have been assembled, 
simulating the clinical body section roentgen technique. 
The use of a .3 millimeter fine focus tube has enabled 
roentgen magnification without loss of detail. The re- 
productions are of superlative quality and beautifully 
portray the anatomy. Each plate is accompanied by a 
diagram and detailed legend. The language barrier 
has been minimized by the multilingual introduction 
and use of the international Latin nomenclature for 
the structures, which bear one identifying number 
throughout the book. It therefore can be understood 
and enjoyed by someone with little or no knowledge 
of French. 

Body section roentgenography obviously is far more 
informative in elaborating details of normal and path- 
ologic roentgen anatomy than the techniques conven- 
tionally employed. 

The increasing surgical interest in deafness and the 
morbidity secondary to inflammatory disease, togeth- 
er with the need for earlier diagnosis, demand a more 
detailed study than those now performed, which I be- 
lieve will fall into the survey category in the near fu- 
ture. When equipment is perfected to obtain multiple 
planigraphic levels with a single exposure and with 
the detail now to be had with the single film tech- 
nique, most objections to the method will be elimin- 
ated. This atlas will be an even more valued refer- 
ence in that era. — Robert L. Scanlan. 


IT 1s Now 21 YEARs since Hey-Groves undertook the 
translation of Béhler’s fourth edition of The Treatment 
of Fractures.8 Thus the time is ripe for the appearance of 
a further translation, and the task now devolves on a 
team of workers headed by Bjornson and Russe. They 
have translated the twelth-thirteenth German edition, 
and Volume I, the first of 3, has recently been pub- 
lished. It is noteworthy that 11 years have elapsed 
since the previous German edition, and Bohler, in the 
foreword, explains that this period of time has enabled 
him to make a thorough evaluation of the methods he 
is advocating. 

Volume I deals with general principles in fracture 
surgery, including war surgery and detailed consider- 
ation of head injuries, injuries of the spine, chest, ab- 


2 frupe RADIO-ANATOMIQUE DE L’0S TEMPORAL. By M. Juster 
and H. Fischgold. With the technical assistance of G. Korach. 
106 pages, 51 illustrations. 2.800 Fr. Paris: Masson & Co., 1955. 
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domen and urinary systems, pelvis, and injuries of the 
upper limb. 

The work must be regarded as authoritative, based 
as it is on the accumulated experience of 30 years in 
the surgery of trauma. Professor Béhler gives figures 
on the number of patients who have been treated in 
his hospital, and leaves little doubt that no one could 
possibly have had a wider experience than he in this 
field. 

In the general section, the guiding principles on 
which he has always worked are stressed: reduction, im- 
mobilization, and active exercises which must not cause 
pain. The dangers of massage and passive stretching 
are emphasized, as is the danger of excessive traction. 
The latter is a noteworthy change, for he recants his 
former insistence on exact reduction and avoidance of 
shortening, pointing out that in many instances misuse 
of his methods has led to distraction of many fractures, 
with a resultant delay in union. He now advises the 
production of a slight shortening in all fractures, and 
in no circumstances a lengthening. This thesis appears 
often; so often that one must surmise that it results 
from the unhappy outcome of the use of overdistrac- 
tion. Unpadded plaster casts are still advocated with 
undiminished enthusiasm, and early weightbearing in 
plaster, practiced even in potentially unstable frac- 
tures. Bohler still adheres to the use of local anesthesia 
for many fractures. With the exception of fractures of 
the patella and olecranon, certain ankle fractures, and 
fractures of the midshaft of the femur, operative treat- 
ment is not advocated for freshly closed injuries, the 
author citing many instances of bad results produced 
by inexpertly performed operations. 

In the section devoted to delayed and nonunion 
fractures, a proper stress is laid on the necessity for 
continuous and uninterrupted immobilization, and 
Bohler again cautions against excessive traction and 
primary operative treatment, citing these factors as 
the main cause of interference with normal union. 
In established nonunion, Beck’s drilling is advocated, 
though it is now less frequently used than formerly. 
When onlay or inlay grafting is performed, the grafts 
are held by circumferential and perforating wires. 
In nonunion of femoral neck fractures, fixation with 
a Smith-Petersen nail is said to be successful. In in- 
fected fractures with sinus formation, a method at- 
tributed to Greifensteiner is described. This involves 
exposure of the pseudarthrosis, removal of sequestra, 
freshening of the fracture ends, and the insertion of 
transverse wires, 1 centimeter above and below the 
fracture. The wires are held in a tension stirrup and 
compressed. The wound is loosely sutured and a 
plaster cast applied. 

Turning to the special sections, injuries to the head, 
chest, and abdomen are treated along accepted lines. 
In fractures of the spine, the classification of these 
injuries seems complicated and somewhat confusing. 
Bohler still believes in reduction and plaster fixation 
for compression fractures, claiming restoration of bony 
contour in most instances. In cases of fracture-dis- 
location with paraplegia, patients are nursed on a 
turning bed, and traction from ankles and axillas 
used to obtain reduction. When operative reduction 
is necessary, fixation of the spine by wires and a frame- 
shaped bone graft is advocated. When open reduction 
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is necessary because of locked articular facets, plaster 
is used if paraplegia is not present, and leg traction 
is used if paralysis exists. Local anesthesia is used in 
all these procedures. 

In the treatment of shoulder injuries, splintage in 
abduction is still practiced, though it has been dis- 
carded in favor of early exercises for the treatment 
of proximal fractures of the humerus. Dislocations of 
the shoulder are immobilized for several days only, 
except in patients who have sustained a tear of the 
glenoid labrum, when this period is extended to 4 
weeks. How to distinguish one from the other is not 
stated. 

Béhler advocates the manipulative reduction of 
supracondylar fractures of the humerus, using traction 
in extension with the forearm supinated. Thereafter, 
the elbow is treated by skeletal suspension through 
the olecranon for 1 week, together with the application 
of a posterior plaster splint which is completed when 
the traction is discontinued. Boéhler clings to the view 
that venous compression is the main cause of Volk- 
mann’s contracture. No clear exposition is given as to 
the management of the patient in the threatening stage 
of this disaster. In established cases, continuous spring 
traction is used to correct the deformity, and if opera- 
tive treatment is required, excision of the carpus or 
freeing of the flexor muscle origin are the recom- 
mended procedures. 

Forearm fractures are routinely treated by manip- 
ulative reduction and plaster fixation. The wooden 
rods, formerly used to indent the plaster and open 
up the interosseous space, have now been discarded. 
Unstable fractures are further immobilized by wire 
transfixion of lower radius and ulna and upper ulna 
prior to the application of the plaster. Open reduction 
is permitted if these methods fail, but due warning 
against its indiscriminate use is given. Isolated frac- 
tures of the radial shaft are treated conservatively, 
sometimes with the use of a single transfixion wire, 
and illustrative cases show excellent maintenance of 
position and union without displacement. 

In fractures of the hand and fingers, it is refreshing 
to see that finger tip traction has been abandoned by 
one of its former advocates. Béhler still uses contin- 
uous skin traction in the treatment of Bennett’s frac- 
ture. A brief section is devoted to the treatment of 
Dupuytren’s contracture, which the author believes 
to be occupational in a certain proportion of cases. 
Nodular cords are excised through a longitudinal 
incision. Further details are not given. Hand injuries 
and sepsis receive due consideration. The methods 
of Bunnell have been adopted, and the illustrations 
in this section are taken from Bunnell’s book. 

As regards the translation, this difficult task ap- 
pears to have been well performed. Apart from very 
minor errors, the author’s message is clearly stated 
and leaves no room for doubt. In style, the book 
seems unduly repetitive, as for example the appear- 
ance at the conclusion of each section of a list of 
“Factors predisposing to failure in the treatment of 
the injury under consideration.” This is merely a 
repetition of points already fully dealt with in the 
preceding paragraphs. The reproduction of the roent- 
genograms is excellent, and of course every injury is 
adequately illustrated by successful cases treated by 
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the author, and many instances given of unsuccessful 
results obtained by patients at the hands of other 
surgeons. Volumes II and III are awaited with in- 
terest, for the work gives us a real insight into the 
methods of treatment now employed at this renowned 
center by a pioneer in the surgery of trauma. 
—Harold Bolton. 


IN THE PREFACE to the worthwhile text entitled Diag- 
nosis and Treatment of Peripheral Vascular Disorders the 
author, David I. Abramson, states that his aim in pro- 
ducing the book is to present the information on this 
medical category in a concise and easily accessible 
manner. The book has been organized in three sections: 
the first gives clear and succinct aid to differential di- 
agnosis of various signs and symptoms seen in periph- 
eral vascular disorders; the second discusses various 
vascular disorders in fairly routine textbook fashion; 
and the final section summarizes anatomy, physiology, 
and therapeutics as they apply to the treatment of 
particular morbid states within this field. 

Abramson wisely has limited his involvement in 
controversial issues and has not filled the book with 
extensive reproductions of the arguments bearing on 
the different sides of them; but whenever controver- 
sies have been broached, he has tended to present the 
most widely accepted version. Thus hespares the reader 
many unnecessary pages and enables the family phy- 
sician to find quickly and accurately the information 
he needs to meet any particularly puzzling case. 

One of the outstanding attractions of the first part 
of this book is the 18 excellently prepared tables which 
the author has devised for use as summaries of the dif- 
ferential diagnosis of peripheral vascular disorders. 

Notably absent from the work as a whole is much 
discussion of, or even reference to, the surgical treat- 
ment of peripheral vascular diseases. The author stated 
at the outset that it was not his design to discuss surgi- 
cal techniques, but it is conspicuous in a reading of the 
book that the emphasis is on the nonsurgical manage- 
ment of vascular situation. The author has drawn on 
his extensive knowledge and experience in this field to 
present methods of treatment which are of proved 
value in his hands. 

The physical format of the book is attractive, both 
wrapper and cover being presented in an eye-catching 
manner. The paper and the printing are of superla- 
tive quality, and one is particularly impressed with 
the way in which the illustrations portray the impres- 
sion that was intended by the author. Although illus- 
trations are not very numerous throughout the text, 
those that appear are of excellent quality and do the 
job they were designed to accomplish. The index is 
conveniently planned and complete in every category, 
as are the “Table of Contents” and the “‘List of Illus- 
trations.” Likewise, the bibliographyisthorough, except 
that there are not many items which are more recent 
than 1954, 

This is an excellent book for anyone who is not in- 
volved in the treatment of peripheral vascular disorders 
daily, but who sees an occasional patient and would 


“DIAGNOSIS AND TREATMENT OF PERIPHERAL VASCULAR Dis- 
ORDERS. By David I. Abramson, M.D., F.A.C.P. 537 pages, 82 
illustrations. New York: Paul B. Hoeber, Inc., Medical Book 
Dept. of Harper & Bros., 1956. 


like to have ready reference to an explanation of the 
signs and symptoms of peripheral vascular disorders. 
—Einer W. Johnson, Fr. 


THE MONOGRAPH entitled Proctology"® represents a new 
edition of the popular and universally accepted 
work on proctology in all its phases, Essentials of 
Proctology. 

Basically, the subject matter and illustrations are 
the same as in the previous editions, but the revision 
and reorganization of the various chapters has brought 
the material up to date. 

The book has a wealth of information, clearly, com- 
prehensively, and conveniently presented, so that any 
proctologic problem can be accurately and easily 
assayed. 

The 28 chapters that make up this volume include 
pertinent data concerning examination, the diagnosis 
of benign and malignant rectal lesions, and preopera- 
tive preparation, surgical technique, and postopera- 
tive care. 

This authoritative, lucid, and orderly presentation 
of proctologic information should serve as a practical 
manual to all interested in this subject. 

— Thomas James Merar. 


A WELL ORGANIZED, usefully indexed monograph 
Principles and Methods of Sterilization'® describes the 
control of fomites in the form of supplies, instruments, 
utensils, and solutions. It is skillfully written and 
instructively illustrated. Technical terms and scientific 
concepts are clearly explained for the quasi profes- 
sional worker increasingly involved in the care of the 
patient. Curious individuals in administration, the 
ancillary services, the laboratory, the pharmaceutical 
industry, and the surgical trade will find the volume 
helpful. ; 

The author constructs a sound basis for the prac- 
tices of sterilization. He describes one brand of steri- 
lizing equipment and outlines its use effectively. Pro- 
cessing and packaging techniques are considered as 
they involve the use of equipment. in this, the author 
perpetuates custom despite his obvious potential for 
fitting science to new and simplified techniques. Many 
will be disappointed that he did not use his back- 
ground to elaborate a standard technique to bring 
the fruit of proper sterilization to the patient. The 
co-ordination of sterilizing techniques with aseptic 
technique or management of communicable disease 
is ignored to the detriment of the presentation because 
there is no opportunity for identification with patient 
care so vital to stimulation of responsible performance 
among ancillary personnel. Hospitals with poorly in- 
stalled sterilizers or with equipment of older vintage 
than described in Mr. Perkins’ monograph or of other 
manufacture will find difficulty reconciling this text 
with their practices. The broader horizon of clinical 
application would have made this monograph more 
generally helpful. 

18 ProcroLtocy. By Harry E. Bacon, M.D., Stuart T. Ross, 
M.D., and Porfiro Mayo Recio, M.D. 441 illustrations, 5 plates 
in full color. $10.00. Philadelphia and Montreal: J. B. Lippin- 
cott Co., 1956. 

16PRINCIPLES AND METHODS OF STERILIZATION. By John J 


Perkins, M.S. 340 pages, 174 illustrations. $8.00. Springfield, Ili.: 
Charles C Thomas, 1956. 
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The industrial hazards of contact dermatitis and 
homologous serum hepatitis are not mentioned. Those 
anxiously seeking aid in the control of environmental 
sepsis will find no assistance in this volume. The book 
itself is nicely designed. The typography, illustrations, 
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and paper are excellent. Illustrative of the human 
frailties that frustrate attainment of the title, one notes 
Arabic numerals six, eight, and nine among the Roman 
numerals dignifying the chapter heads and that Fig- 


ure 152 is inverted. —Carl W. Walter. 
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SUPERIOR ORAL 
CHOLECYSTOGRAPHY 
AND CHOLANGIOGRAPHY 





1 Excellent cholecystograms are readily obtainable. 


The side reactions are usually minimal, only rarely very 
disturbing, and often completely absent. 


EJ In a fairly large percentage of cases, the cystic and 
the common ducts are quite definitely outlined, 
and occasionally even the hepatic duct.’ 
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(4 tablets) may be sufficient. 
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Tablets of 0.5 Gm. 

in envelopes of 6 tablets, 
boxes of 5 and 25 envelopes,- 
and bottles of 500. 
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